| POSITIVE DISPLACEMENT EXPANDER AND FLUID MACHINERY
Technical Field [0001] The present invention relates to a positive
displacement expander equipped with an expansion mechanism, which
generates power when a high-pressute fluid expands, and to a fluid
machinery equipped with the expander. Background Art [0002] A positive
displacement expander such as a rotary expander is conventionally
known as an expander which serves to generate power when a
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Such expander is used for an expansion process of a vapor compression
type refrigeration cycle (for example, refer to patent document 2). [0003]
The above-mentioned expander comprises a cylinder and a piston

Techmigehiigjdalong the inner circumference of the cylinder, and an expansion
chamber formed between the cylinder and the piston is partitioned into
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d the u%tion/ xpansion side alternately, thus the suction/expansion action

an ?n?ifiﬁ  SHHBPFO NG FhgXnadSire fluid are concurrently and
collaterally carried out. In this manner, the expander recovers the rotation
power generated due to expansion of the fluid in order to utilize the

BaclRIaL0R pewer as, for example, a drive source of a compressor. [0004] An
expansion ratio, the density ratio of the suction fluid to the discharge fluid

[00055] 27 positive displacement expander such as a rotary expander is conventionally
known as an expander which serves to generate power when a high-pressure fluid
expands (for example, refer to patent document 1). Such expander is used for an
expansion process of a vapor compression type refrigeration cycle (for example, refer to
patent document 2).

[0003} The above-mentioned expander comprises a cylinder and a piston revolving
along the inner circumference of the cylinder, and an expansion chamber formed
between the cylinder and the piston is partitioned into the suction/expansion side and
the discharge side. As the piston revolves, the suction/expansion side in the expansion
chamber is changed into the discharge side, and the discharge side is changed into the
suctior/expansion side alternately, thus the suction/expansion action and the discharge
action of the high-pressure fluid are concurrently and collaterally carried out. In this
manner, the expander recovers the rotation power generated due to expansion of the
fluid in order to utilize the rotation power as, for example, a drive source of a
COMpressor.

[0004] An expansion ratio, the density ratio of the suction fluid to the discharge fluid is



predetermined as a design expansion ratio for the above-mentioned
expander. The design expansion ratio is determined on the basis of the
pressure ratio of the high-pressure to the low-pressure in a vapor
compression type refrigeration cycle that is carried out using the
expander. [00051 In the actual operation, however, since the temperature
subject to cooling or the temperature subject to radiation (heating) vary,
the above-mentioned pressure ratio of the refrigeration cycle may
predeacariesmakiedonm thagassined dnfhieHesiunRhasatcapeligallyer. The
when the low-pressure in the vapor compression type refrigeration cycle
desigisesxpanspressitie df thietdridrexdpandebkntayige ddwheeitartheatio of the
above-mentioned low-pressure in the design expansion ratio (herein after
highrpfessait iy akedrpapsissirpliassusp)r lcothizcasen sipeedhezevatiandsrcle that is
excessively expands the fluid, the pressure of the fluid dropped to the
carrigg oyb HHiatibREYReRgaRsion pressure is raised once up to the
above-mentioned low-pressure before discharging the fluid. Accordingly, a
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communication path for diverging from the inflow side of the fluid into the
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process position of the expansion chamber. The communication path is

presqpneyidelh with erneletitic thperpradisiodve asifeliremiadion werliel, the pressure
mechanism for regulating a flow rate of the high-pressure fluid that is
of thpyipaidsbidpped to the above-mentioned expansion pressure is raised once up to the
above-mentioned low-pressure before discharging the fluid. Accordingly, a workload
which results when the fluid is excessively expanded by the expander, and extra power
for discharging the fluid having increased pressure may be consumed. Thus, an
expander capable of reducing overexpansion loss yielded due to such reasons has been
conventionally desired. To solve such problems, the applicant of the present
application devised an expander which bypasses part of the fluid on the inflow side
(high-pressure fluid) of the expansion chamber to the suction/expansion process
position.  Specifically, the expander is equipped with a communication path for
diverging from the inflow side of the fluid into the expansion chamber and
communicating with the suction/expansion process position of the expansion chamber.

The communication path is provided with an electric-operated valve as a circulation

control mechanism for regulating a flow rate of the high-pressure fluid that is bypassed



3 through the communication path. [0006] In the expander of the
above-mentioned configuration, for example, when the low-pressure in
the refrigeration cycle is higher than the expansion pressure of the
expander as mentioned above, the electric-operated valve is opened at a
predetermined degree of opening, and the high-pressure fluid is
bypassed through the communication path to the suction/expansion
process position of the expansion chamber. Then by raising the

thro@g@pﬁm&@mﬁ{muf@%m expander close to the above-mentioned
low-pressure, the above-mentioned overexpansion loss can be reduced
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When, in the expander adapted to reduce overexpansion loss in the
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power recovery efficiency of the expander is lowered. [0008] This will be
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DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0007] When, in the expander adapted to reduce overexpansion loss in the above
manner, the low-pressure of the refrigeration cycle is approximately equal to the
expansion pressure of the expander, a normal expansion operation is carried out under
the condition where the electric-operated valve is totally closed. In the case of the
condition where the electric-operated valve is totally closed; the space of the
communication path between the electric-operated valve and the expansion chamber
turns out to be a dead volume that communicates with the expansion chamber, As a
result, there is a problem that the power recovery efficiency of the expander is lowered.

[0008] This will be described in detail by referring to Figs. 13 and 14. Fig. 13 is a
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4 graph showing a relationship between changes in volume and pressure
of the expansion chamber under the ideal condition, in which there is no
dead volume as described above. This graph shows a case where CO2
with higher pressure than critical pressure is used for expanded fluid as a
refrigerant. [0009] First of all, when the volume of the expansion chamber
increases from the point a to the point b in Fig. 13, the high-pressure fluid
is supplied into the expansion chamber. Next, the point b is exceeded,
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high-pressure fluid is stopped from supplying. The pressure of the
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and becomes saturated. Then, this fluid is partly evaporated and turns into
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point d. After the cylinder volume of the expansion chamber becomes

for expaxind fived sseapefrigeranid the expansion chamber turns to the
discharge side, the cylinder volume of the expansion chamber is reduced
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point b to the point d drops from the point b throug point d'so
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drop from the point b through point ¢ to point d, which is seen under
gas-liquid two phase, and its pressure gradually drops to the pointd. After the cylinder

volume of the expansion chamber becomes maximum at the point d and the expansion
chamber turns to the discharge side, the cylinder volume of the expansion chamber is
reduced to the point e and the low-pressure fluid is discharged from the expansion
chamber.  Then back to the point a, the high-pressure fluid is supplied to the expansion
chamber again.

[0010] On the contrary, as shown in Fig. 14, in the case where the space of the
communication path between the electric-operated valve and the expansion chamber is
dead volume, when expansion of the high-pressure fluid is started from the point b, the
high-pressure fluid expands excessively by an amount of the above-mentioned dead
volume. Therefore, the pressure of the fluid at the point b to the point d drops from the
point b through point ¢ to point d so that the volume expands with behavior lower than
that of the pressure drop from the point b through point ¢ to point d, which is seen under

the above-mentioned ideal condition. ~Accordingly, the amount of power recovered by



the above-mentioned ideal condition. Accordingly, the amount of power
recovered by 5 the expansion of the fluid in the expander, that is, the area
of S 1 decreases by the area of S2 as compared with the expander under
the ideal condition. Consequently, the power recovery efficiency of the
expander is lowered. [0011] Embodisnents of the present invention have
been accomplished in view of such problems, and seek to suppress a
reduction in power recovery efficiency attributable to dead volume in the
expansion chamber formed in the communication path, in the capacitive
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expander comprising an expansion mechanism in which a high-pressure
recovEHiG IS @XRaANdedhdtpuRIPRRIRREARMbeT to generate power, a
communication path which diverges from a fluid inflow side of the
[001 1@Hrabsiimatambeicaneseatimuwnitatcmvstbe ensuciianiéixped St erocL stch
position of the expansion chamber, and a circulation control mechanism
probletispesddinitie sapprasmicatibietpathfgroregulatingeey fldiiciateohthiebfitaidle to
wherein the expansion mechanism is provided with a backflow prevention
dead pyfdemnisntbforeppevsionghmetimidaraediiowihg feomaiesipamaerh, in the
chamber into the communication path. [011b] According to a second
capaciiff-tBPHRS hFaHIIT diiete RemivmEaistigiPata snthBly tfisspien somfrol
a positive displacement expander, a motor, and a compressor driven by
?Hémﬁ‘ositive displacement expander and the motor in order to compress
the §I(lﬂi‘gé ﬁt‘gﬁggig}/n% displacement expander, the motor, and the

Means 1o .
compressor being provided

mech

[Ol1a] According to a first aspect of the invention, there is provided a positive
displacement expander comprising an expansion mechanism in which a high-pressure
fluid is expanded in an expansion chamber to generate power, a communication path
which diverges from a fluid inflow side of the expansion chamber and communicates with
a suction/expansion process position of the expansion chamber, and a circulation control
mechanism disposed in the communication path for regulating a flow rate of the fluid,
wherein the expansion mechanism is provided with a backflow prevention mechanism
for preventing the fluid from flowing from the expansion chamber into the

communication path.

{011b] According to a second aspect of the invention, there is provided a fluid
machinery equipped with a positive displacement expander, a motor, and a compressor
driven by the positive displacement expander and the motor in order to compress the
fluid, the positive displacement expander, the motor, and the compressor being provided
in a casing, wherein the positive displacement expander is configured by the positive

displacement expander as defined above.



in a casing, wherein the positive displacement expander is configured by
the positive displacement expander as defined above. 5a [0012]
Embodiments of the present invention relate to providing, in the expansion
mechanism having the expansion chamber, a backflow prevention
mechanism to suppress the outflow of the fluid from the expansion
chamber to the communication pathe side. [0013] Specifically, a first
embodiment is predicated on a positive displacement expander
comprising an expansion mechanism (60) in which high-pressure fluid is
expanded in an expansion chamber (62) to generate power, a
communication path (72) which diverges from the fluid inflow side of the
1001 xpar sOi Hn%h%mgferég%rg?e%tcommtunica; s with the suction/expansion .
2ﬁrocess BosiSn ot the BYHSHSIBN CREMOS 2B 27, ZRaviieeulantis cotRegpion
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regulating a flow rate of the fluid. The’positive displacement expander IS
suppreBARCISHABH 'B‘ft_ﬁt%tﬁﬂﬁi%ﬁ%@@xgﬁghﬁp%%&rﬁﬂﬂgg&ﬁmtﬁﬁ ation path
backflow prevention mechanism (80) for preventing the tluid from ﬁowm
side. from the expansion chamber (62) to the communication path (72). The
"backflow prevention mechanism" serves to prevent the fluid from flowing
[0013oRpthdiexipanaiofishasmivet B2htoitheedioathioation pafi(¢2)iisphement
also allows the fluid to flow in the opposite direction, that is, from the 6
expargsmrunicaiog patiexX7R)sioto theckxpamsigt chanvdsck6R)ehoftdure fluid is
According to the above-mentioned first embodiment, for example, when
expangied (B,@3aRERYIpreckURb T (HY) flaidenkirindwuir thecexpawsicnion path (72)
. .mechanism (60) is smaller than the low-pressure of the refrigeration cycle
Whm}}m%‘éﬁ%i%lﬁ%h%%é?ﬁ@di’é’é@gé&w of the expansion chamber (62) and

communicates with the suction/expansion process position of the expansion chamber
(62), and a circulation control mechanism (73,75,76) disposed in the communication path
(72) for regulating a flow rate of the fluid. The positive displacement expander is
characterized in that the expansion mechanism is provided with a backflow preﬁention
mechanism (80) for preventing the fluid from flowing from the expansion chamber (62)
to the communication path (72). The "backflow prevention mechanism" serves to prevent
the fluid from flowing from the expansion chamber (62) to the communication path (72),

and also allows the fluid to flow in the opposite direction, that is, from the



from the expansion chamber (72), it is possible to bring the circulation
control mechanism (73,75,76) into a state of opening. When the
circulation control mechanism (73,75,76) is brought into a state of
opening in this manner, the high-pressure fluid which diverges from the
fluid inflow side and flows through thescommunication path (72) is
introduced to the suctioi-dexpansion process position. As a result, the
expansion pressure in the expansion chamber (62) rises. Accordingly, the
difference between the expansion pressure in the expansion chamber

comfRMERS NSRRI SRUIR IR NR IS TNgsratian gygle becomes smaller,

thereby reducing the above-mentioned overexpansion loss. [0015] In
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chamber- (62) is approximately equal to the low-pressure in the
(expasfigorptiosusy oibtlit igpidssibledaiinngdhe mircuatine santal aeshanisMer
(73,75,76) into a state of closing. In this case, the high-pressure fluid on
than tthe flovepnéiomsidé ibenotidiyergi toyiie comedigtidstivsfopathe(72)dibtharged
introduced directly to the suction side of the expansion chamber (62). The
fromeflsaaptnsitHinbe(60)2helt dxpantshie fuibrthgotigh thewoatimal control
op_eration.JOOlG]. According to embodiments of the present invention, the
mechaRism dibh e Eh AR i S0 ok ainse SV thi Gecekadon saaven tioachanism
7 7gﬂ;{cé:(ﬂnirgm (80) to prevent the fluid from flowing from the expansion ]
(73.TenambePTBSY b T o ARSAIBEI (755, RéeBFaingR highorrsstaee fluid
. girculation contrgl mechanism (73,75,76).is in g state of total closing, it is.
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pressBRSAOIRIR-KLER SnPAHLAbIIG GPAGS W ordingly, the difference between the
expansion pressure in the expansion chamber (62) and the low-pressure in the
refrigeration cycle becomes smaller, thereby reducing the above-mentioned
overexpansion loss.

[0015] In example embodiments, when the expansion pressure in the expansion chamber
(62) is approximately equal to the low-pressure in the refrigeration cycle, it is possible
to bring the circulation control mechanism (73,75,76) into a state of closing. In this case,
the high-pressure fluid on the fluid inﬂow side is not diverged to the communication

path (72), but introduced directly to the suction side of the expansion chamber (62). The

expansion mechanism (60} then expands the fluid through the normal operation.

[00 1‘6] According to embodiments of the present invention, the expansion mechanism
(60) is equipped with the backflow prevention mechanism (80) to prevent the fluid from
flowing from the expansion chamber (62) to the communication path (72). Accordingly.
even if the circulation control mechanism (73,75,76) is in a state of total closing, it is

possible to



communication path (72) from becoming dead volume of the expansion
chamber (62). [0017] A second embodiment is characterized in that the
backflow prevention mechanism (80) also serves as the circulation
control mechanism in the positive displacement expander according to
the first embodiment. According to the second embodiment, the backflow
prevention mechanism (80) is provided with the circulation control
mechanism. That is, when the backflow prevention mechanism (80) is in a
state of opening, it is possible to introduce the high-pressure fluid from
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hand, when the backflow prevention mechanism (80) is in a state of total

circublasing:dhifopassiienionstopIrsomCing thee dughnpressise it figm the the
communication path (72) into the expansion chamber (62), and at same

expatisie, thpreeer(tte Thidefiom fiowing dsivte the leogpansiarn cfambepateZhn the
into the communication path (72). A third embodiment is characterized in

comrphmidatitenptisiiive Bisplacemmemgedpandauascofdingexptnsifinsthamber (62).
embodiment, the backflow prevention mechanism (80) is disposed closer
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control mechanism (73.75,76) within the communication path (72). At this

mechgpism (304164 FREV5ACRTIF pfatR IR OO idRs TRy it ghe positive
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closer to the expansion chamber (62) than the circulation con
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formed in the communication path (72) corresponds to the space from the

path faekflowihsevepdioion chamber (62). On the one hand, when the backflow
prevention mechanism (80) is in a state of total closing, it is possible to stop introducing
the high-pressure fluid from the communicatioﬁ path (72) into the expansion chamber
(62), and at same time, to prevent the fluid from flowing from the expansion chamber
(62) into the communication path (72). A third embodiment is characterized in that in
the positive displacement expander according to the first embodiment, the backflow
prevention mechanism (80) is disposed closer to the expansion chamber (72) than the
above-mentioned circulation control mechanism (73.75,76) within the communication
path (72). At this point, the closer the backflow prevention mechanism (80) is to the
expansion chamber (62) within the communication path (72), the more it is favorable.

[0018] In the above-mentioned third embodiment, the backflow prevention mechanism

(80) and the circulation control mechanism (73,75,76) are provided separately, unlike



mechanism (80) to the expansion chamber (62) for the expander
according to embodiments of the present invention, as opposed to
conventional expanders, where the dead volume corresponds to the
space from the circulation control mechanism (73,75,76) to the expansion
chamber (72). Therefore, it is possiblg to minimize the dead volume
formed in the communication path (62) than conventional expander.
[0019] A fourth embodiment is characterized in that the baekflow
prevention mechanism (80) is comprised of a non-return valve in the
the sqQsidivendisplassimanthpxpandeiaecordingitadheiiveheimbadisnemtm (80) is
[0020] According to the above-mentioned forth embodiment, a non-return
dispowadvelosensiitilite sxthanbackfiownpee éR)icimmdehainishat{80 cdtisl mechanism
non-return valve prevents the fluid from flowing from the expansion
(73, 764mbertlie) thto trerconmmainicatipriipati62)defdo2nwnfifthformed in the
embodiment is characterized in that the circulation control mechanism
commpgigaiog) paiBohipriseisFenate biridbs pehatedivemy ety 3padiilite pievention
adjustl the degree of opening in the positive displacement expander
to'8n&PSt HOHRCR (BAMRENIBSirREn{ScBPE i inaccording  to
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IS regula to a given flow rate. At this point, when t
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prevention mechanism (80) prevents the fluid from flowing 9 from the

volurBX BERSiaN CHRBBEm{ Bk IO ReE R WRICAERRRE{Bpditrtefore, it is

possible to avoid the space in the communication path (72) from the
[001@boveimettionabogigetiic-petaiadiviid (73) thdhealeXRnkidsvchpNaerion

(62) from becoming dead

mechanism (80) is comprised of a non-return valve in the positive displacement
expander according to the third embodiment.

[0020] Acéording to the above-mentioned forth embodiment, a non-return valve
constitutes the backflow prevention mechanism (80). This non-return valve prevents the
fluid from flowing from the expansion chamber (72) into the communication path (62).
[0021] A fifth embodiment is characterized in that the circulation control mechanism
(73,75,76) is comprised of an electric-operated valve (73) capable of adjusting the
degree of opening in the positive displacement expander according to one of the first to
fourth embodiments.

[0022] In the above-mentioned fifth embodiment, the high-pressure fluid flow which is
bypassed through the communication path (72) to the expansion chamber (62) by
adjusting the degree of opening of the electric-operated valve (73), 1s regulated to a

given flow rate. At this point, when the electric-operated valve (73) is in a state of total

closing, the backflow prevention mechanism (80) prevents the fluid from flowing



volume. [0023] A sixth embodiment is characterized in that the circulation
control mechanism (73,75,76) is comprised of an electromagnetically
opening/closing valve (75) capable of opening and closing in the positive
displacement expander according to one of the first to fourth
embodiments. [0024] In the above-mentioned sixth embodiment, by
controlling the opening/closing timing of the electromagnetically
opening/closing valve (75), the high-pressure fluid flow which is bypassed
through the communication path (72) to the expansion chamber (62) is
from"BRUBIEHIRA RIRARIE MRS HovLERTe AL B ARt \Q{ﬂe&%]e’rhe efore, it is
electromagnetically opening/closing valve (75) is in a state of total-closing,
possitile hagkdiawhprgrentioniveshanism 480 PaNeTtS Heduid LR g ned
from the expansion chamber (62) into the communication path (62).
electiTherefare] ivispogsbletto teoiekitmsipacemahiber ¢emMunicabidRdB dead
(72) from the above-mentioned electromagnetically opening/closing valve
volun(s) to the expansion chamber (62) from becoming dead volume. [0025]
A seventh embodiment is characterized in that the circulation control
(002 hee i embpdinsmtelishesratsiived of dbdiffdrentialimtéssravodutatihgnism
valve (76) which opens when the differential pressure between the
(737570t Ag Hurisg B asgshnalbnoprainadel witievekysaTsibapable of
.cham(lie (562 andnt?he pressure on the fluid outflow side is greater than a
open S A AP 16 HSITGE B ISSBER eogoaiaer Bcsatheo s
_ e of:the first to fourth embodiments. 10 [0026] In the above-mentioned
o fmgg%/g%tt Ogirlﬁgggﬁment, the differential pressure between the pressure of
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timinPreBIHECH@MBHABhetically opening/closing valve (75), the high-pressure fluid
flow which is bypassed through the communication path (72) to the expansion chamber
(62) is regulated to a predetermined flow rate. At this point, when the
electromagnetically opening/closing valve (75) is in a state of total closing, the backflow
prevention mechanism (80) prevents the fluid from flowing from the expansion chamber
(62) into the communication path (62). Therefore, it is possible to avoid the space of the
communication path (72) from the above-mentioned electromagnetically
opening/closing valve (75) to the expansion chamber (62) from becoming dead volume.

[0025] A seventh embodiment is characterized in that the circulation control mechanism
(73,75,76) is comprised of a differential pressure regulating valve (76) which opens
when the differential pressure between the pressure of the fluid during the expansion
process in the expansion chamber (62) and the pressure on the fluid outflow side is

greater than a predetermined value, in the positive displacement expander according to

one of the first to fourth embodiments.



opens when the differential pressure becomes greater than a
predetermined value. As a result, the high-pressure fluid is introduced
through the communication path (72) into the expansion chamber (62).
Therefore, it is possible to approximate the pressure of the fluid during
the above-mentioned expansion progess to the pressure on the fluid
outflow side. Accordingly, it is possible to reduce overexpansion loss in
this expansion mechanism (60). [0027] On. the other hand, when the
differential pressure between the pressure of the fluid during the
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fluid through the communication path (72) to the expansion chamber (

the prissiepnetheA tdsopeiotywidendereifierentiath pEssaTRAPHRN0E Valve (76)
(76) is in a state of total closing, the backflow prevention mechanism (80)
openspreerits: thdifuidifadmr flawio deometh grexipanisioncheten(b) intdudhds a
communication path (62). Therefore, it is possible to avoid the space of
resultsiee bighhigpioagi Gnigashiroydeethttineughdlre cnemioneatidiffeatintal) into the
pressure regulating valve (76) to the expansion chamber (62) from
exp&n@@éﬁ%@@%@@ﬁ tenefopso tap Apsailfatie armsesimalatths dnessrntdy iuid
. th tt%e expansion mechanism (60) carries out the expansion process of
| durmgatgﬁa PYEGMBREOSTh TR PR GEPARSHIR YR el tE: Bﬁéhﬁlﬂ‘ﬂfgﬁiggéﬁﬁéﬁﬁ&
xpander.according to any one of the first to, seventh, embodiments. )
Ao RS Aot SEHP B e, M SRRty mechanism
(60). prevention mechanism 11 (80) prevents the fluid from flowing from the
expansion chamber (62) into the communication path (72), in the positive

[0027f6Rage DRIt SHRAN deeW IR SRHIESAY RS sure between the pressure of the
fluid during the expansion process of the expansion chamber (62) and the pressure on
the fluid outflow side is less than a predetermined value, the differential pressure valve
(76) is shut off. As a result, supply of the high-pressure fluid through the communication
path (72) to the_expansion chamber (62) is stopped. At this point, when the differential
pressure regulating valve (76) is in a state of total closing, the backflow prevention
mechanism (80) prevents the fluid from flowing from the expansion chamber (62) into
the communication path (62). Therefore, it is possible to avoid the space of the
communication path (72) from the above-mentioned differential pressure regulating
valve (76) to the expansion chamber (62) from becoming dead volume.

[0028] An eighth embodiment is characterized in that the expansion mechanism (60)
carries ouf the expansion process of a vapor compression type refrigeration cycle, in the
positive displacement expander according to any one of the first to seventh
embodiments.

[0029] In the above-mentioned eighth embodiment, the backflow prevention mechanism



expansion. process of the vapor compression type refrigeration cycle.
[0030] A ninth embodiment is characterized in that the expansion
mechanism (60) is configured to carry out the expansion process of a
vapor compression type refrigeration cycle in which the high pressure
becomes super-critical pressure in the positive displacement expander
according to any one of the first to seventh embodiments. [0031 ] In the
above-mentioned ninth embodiment, the backflow prevention mechanism
(80) prevents the fluid from flowing from the expansion chamber (62) into

(80) hRVERINIBtONRAD ﬁ%%)iﬁk”ifoﬁ?%ﬁ%’ee%ﬂﬁ%gx%%a@j 8 the

carrying out the expansion process of what is called a super-cri cycle
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embodiment is characterized in that the expansion mechanism (60) is
expandofiguseskio Cary apstberexRassion pracassceduagerccompression

type refrigeration cycle using a carbon dioxide refrigerant, in the positive
[003@isplacementbexpacdiers abecrdiniyd thetimntthemeaiivenin {ORA3 )40 the) is

above-mentioned tenth embodiment, the backflow prevention mechanism
configggydrevents ehethaickpamifowing:iont tepapeamsipresshanippe (62)detaion

the communication path (72) in the positive displacement expander for
cyclecapryiiyButtrehisth drersrrprbecds st sugpeLitisatareyerscudinghs qogtive

. refrigerant. [0034] An eleventh embodiment is characterized in that the

displagaRISIBFPATEER ARFSRIDT AESRERINAY 1 Hd avorni sibarimnts.

mechanism in which rotation power is recovered by means of expansion

of the fluid, in the positive displacement expander according to any one of

[003 Rl IR0 GMBRATARIP SRR AR RO AR R
(80) prevents the fluid from flowing from the expanéion chamber (62) into the
communication path (72) in the positive displacement expander for carrying out the
expansion process of what is called a super-critical cycle in which the high-pressure
becomes critical pressure,

[0032] The tenth embodiment is characterized in that the expansion mechanism (60) is -
configured to carry out the expansion process of a vapor compression type refrigeration
cycle using a carbon dioxide refrigerant, in the positive displacement expander
according to the ninth embodiment.

[0033] In the above-mentioned tenth embodiment, the backflow prevention mechanism
(80) prevents the fluid from flowing from the expansion chamber (62) into the
communication path (72) in the positive displacement expander for carrying out the
expansion process of a super-critical cycle using a CO; refrigerant.

[0034] An eleventh embodiment is characterized in that the expansion mechanism (60)
is configured to be a rotary expansion mechanism in which rotation power is recovered
by means of expansion of the fluid, in the positive displacement expander according to
any one of the first to tenth embodiments. The "rotary expansion mechanism" stands for

an



expansion mechanism configured by swing, rotary, scroll type fluid
machineries, and so forth. [0035] In the above-mentioned eleventh
embodiment, the backflow prevention mechanism (80) prevents the fluid
from flowing from the expansion chamber (62) into the communication
path (72) in the positive displacememt expander having the rotary
expansion mechanism. A twelfth embodiment is predicted on a fluid
machinery equipped with, in a casing (31), a positive displacement
expander (60), a motor (40), and a compressor (50) driven by the

expaBRQYREORMIGRRG ROSIHE BisRiaremant d)e 2 RANOBHOMANALO8BRI0r 44910

in order to compress the fluid. This fluid machinery is characterized in that
forth.the positive displacement expander (60) is configured by the positive
displacement expander according to any one of the first to eleventh
[003 @mbodimentj0a36itothe wlelithtie mivoshdianttotditorbadflenfraretiation
positive displacement expander (60) according to the first to eleventh
mechgniemtidits pred¢oiation{podéofroflowiegniiowr 0o siansimitdetd@iveto
the compressor 50% Effects of the Invention [0037] According to the
the comgyeietinfoRad frsh et PRty svisRlarenest sndandsb iaaing the rotary
operates under the condition where the circulation control mechanism
eXpangiglyMeEBANSa|ly closed, the backflow prevention mechanism (80)

the fluid_from flowing from th h 62) into th
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pressure from point b through the point ¢’ to the point d during the
compress the fluid. This fluid machinery is characterized in that the positive

displacement expander (60} is configured by the positive displacement expander
according to any one of the first to eleventh embodiments.

[0036] In the twelfth embodiment, rotation power from the positive displacement
expander (60) according to the first to eleventh inventions and rotation power from the
motor (40) are transmitted to drive the compressor (50).

Effects of the Invention

[0037] According to the above-mentioned first embodiment, when the expander
normally operates under the condition where the circulation control mechanism
(73,75,76) 1s totally closed, the backflow prevention mechanism (80) prevents the fluid
from flowing from the expansion chamber (62) into the communication path (72).
Accordingly, it is possible to keep a part of the communication path (72) from
becoming dead volume of the expansion chamber (72).  This prevents the rotation
power obtained by the expander from reducing to the area of S1, which results from
dropping of the pressure from the point b through the point ¢' to the point d during the

expansion process, as



expansion process, as 13 shown in, for example, Fig. 14. Therefore, the
expander can expand the fluid in a manner close to the ideal condition as
shown in Fig. 13, and it is possible to improve the power recovery
efficiency obtained by the expander. [0038] According to the
above-mentioned second embodiment, the backflow prevention
mechanism (80) is equipped with the function of the circulation control
mechanism. Accordingly, the backflow prevention mechanism (80) can
adjust the amount of bypass flow from the communication path (72) to the

showsURHOR/EXRARSIRN Pipcess pRsitianof ihe egg%b%i%%_@ C%;rﬁggg@,‘f-ggn 2

can also prevent the tluid from flowing from the expansio
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expander can be reduced. According to the above-mentioned third

powee Rbodimetidiscpossitiedoyalirlyfadiee the dead volume of the
communication path (72) by disposing the backflow prevention

[003 §héchanism (B@)ccibsee-tmhaomxdarsion ehdrbiendtR jiibdadoibe prevention
circulation control mechanism (73,75,76) in the communication path (72).
mechpaiside$0hidisposind thithbéaekflowtpreventivnonedhtinis e (B80) clasdrtdsm.
the expansion chamber (62) than to the circulation control mechanism
Accorgingly. 185 haekfendnrersriopmiseleaism (Somornpie (trgravey pbbypass
ecome large no matter where the above-mentioned circulation control
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mec ISM (9, can als osed In communication pa

expard@)docaed Arigide the expansion mechanism (60). This facilitates
replacement

According to the above-mentioned third embodiment, it is possible to reliably reduce the
dead volume of the communication path (72) by disposing the backflow prevention
mechanism (80) closer to the expansion chamber (62) than to the circulation control
mechanism (73,75,76) in the communication path (72). Besides, by disposing the
backflow prevention mechanism (80) closer to the expansion chamber (62) than to the
circulation control mechanism (73,75,76), the dead volume of the communication path
(72) does not become large no matter where the above-mentioned circulation control
mechanism (73,75,76) is disposed in the communication path (72). Therefore, for
example, when the conununiéation path (72) is formed inside the expansion mechanism
(60) and communicates with the expansion chamber (62), the above-mentioned
circulation control mechanism (73,75,76) can also be disposed in the communication
path (72) located outside the expansion mechanism (60). This facilitates replacement
and maintenance of the circulation control mechanism (73,75,76), which tends to have a

relatively complicated structure.



and maintenance of the circulation control mechanism (73,75,76), which
tends to have a relatively complicated structure. 14 [0039] According to
the above-mentioned fourth embodiment, a non-return valve is used as
the backflow prevention mechanism (80). Accordingly, it is possible to
prevent the fluid from flowing from the expansion chamber (62) into the
communication path (72) and also to effectively keep a part of the
communication path (72) from becoming dead volume of the expansion
chamber (62). [0040] According to the above-mentioned fifth embodiment,

[0039.}%;%5_{90%3"1%'&? {8 E%Si oggjﬁ%tﬁ E]oengén %u&%hof %%?%%l Wﬂo %?ngaeﬁﬁg}'l valve is

presstire fluid through the communication pa rng
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valve (73). Accordingly, in the case where the expander Is'use
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refrigeration cycle is lower than the expansion pressure in the expansion
(72) attbaieer(6ciiielpassiple piat ol aducsnanisidetemined fioymate wikiiging
high-pressure fluid from the communication path (72) into the expansion
dead ehamberf (62 capahtherebyrtbappximate the above-mentioned
expansion pressure to the low-pressure of the refrigeration cycle.
[0040T hspetadéngt te plsgibley eorfartiestein fidvenim dowet.réc v eqssiflci¢ncsasty
. the expander, [0041] According to the above-mentioned sixth .
adjusith apenehefitpss e 16 badihaarssemdiuid duisush ip semowisntion
igh-pressure fluid by configuring the circulation control mechanism
path(%'gg pressu é%.y nfiguring ! .

B 58) R TR LA BIRtLhE RN BRRHIRGRIbSInG - Valveith S atgctric-
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expan%iircﬁli‘mggss of the refrigeration cycle, when the low-pressure of the refrigeration
cycle is lower than the expansion pressure in the expansion chamber (62), it is possible
to introduce a predetermined flow rate of the high-pressure fluid from the
communication path (72) into the expansion chamber (62) and thereby to approximate
the above-mentioned expansion pressure to the low-pressure of the refrigeration cycle.
Therefore, it is possible to further imprdve the power recovery efficiency of the
expander.
[0041] According to the above-mentioned sixth embodiment, it is possible to easily
adjust the amount of bypass flow of the high-pressure fluid by configuring the
circulation control mechanism (73,75,76) with the electromagnetically opening/closing
valve (75) and changing the opening/closing timing of the -electromagnetically
opening/closing valve (75). Accordingly, it is possible to configure the circulation
control mechanism by a relatively simple structure, and at the same time, to obtain
similar effects to those in the fifth embodiment.
[0042] According to the above-mentioned seventh embodiment, the high-pressure fluid

is



control mechanism by a relatively simple structure, and at the same time,
to obtain similar effects to those in the fifth embodiment. [0042] According
to the above-mentioned seventh embodiment, the high-pressure fluid is
15 introduced from the communication path (72) into the expansion
chamber (62) by opening the differerttial pressure regulating valve (76)
when the differential pressure between the pressure of the fluid during the
expansion process in the expansion chamber (62) and the pressure on
the fluid outflow side becomes lager than a predetermined value. Also,
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approximated to the pressure on t ef? outflow side. Accor
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refrigeration cycle, it is possible to make the expansion pressure o
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refrigeration cycle. Therefore, it is possible to reliably reduce the
(62) acktxparsioreless thetileidxparider sttt ibworestia:ROWah receNeRermined
efficiency. [0043] According to the above-mentioned eighth embodiment,
valuetiidwxphadbrecoordinged ensbadimitits Ofithelmiegehtiavpatidoniprocess is
utilized for the expansion process of a vapor compression type
approyampfedatohcpesesurporetbed]wdsovedeisiside. etfsendalglre docexdople, when
overexpansion loss of the expander during the above-mentioned ‘
the expansressisr ferihemmanigrinasesiabdnn iefpesspRnteyrinial iy possible to

inimize the dead volume in the c; ication_pipe (80) with the
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[0043] According to the above-mentioned eigﬁth embodiment, the expander according to
embodiments of the present invention is utilized for the expansion process of a vapor
compression type refrigeration cycle. Therefore, it is possible to effectively reduce the
overexpansion loss of the expander during the above-mentioned compression
refrigeration cycle. Besides, it is possible to reliably minimize the dead volume in the
communication pipe (80) with the backflow prevention mechanism (80) and to
effectively recover the power obtained during the expansion process of the above-
mentioned compression refrigeration cycle.

{0044] According to the above-mentioned ninth embodiment, the expander according to
embodiments of the present invention is used for the expansion process of a super-
critical cycle. Incidentally, since the pressure of the refrigerant flowing into the expander
is relatively high during the expansion process of the super-critical cycle, the amount of
power recovery tends fo be reduced due to the dead volume of the expansion chamber

(72).



embodiments of the present invention is used for the expansion process
of a super- critical cycle. Incidentally, since the pressure of the refrigerant
flowing into the expander is relatively high during the expansion process
of the super-critical cycle, the amount of power recovery tends to be
reduced due to the dead volume of the expansion chamber (72). 16 On
the one hand, since such dead volume of the expansion chamber (72) is
reduced as much as possible in embodiments of the present invention, it
is possible to effectively improve the power recovery efficiency of the

On HRNANES4[Q04R] Acsarding ta.the abaveanentianedientierPedimanted as

the expander according to embodiments of the present invention is
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refrigerant. Therefore, it is possible to obtain the above- mentioned effects

improdeatediog e it ninth: finkadinné me [0G46HAccording to the
above-mentioned eleventh embodiment, the expander according to

[0045¢ Mbodtidrents difidhdpresentionehtionh s appliéddo athetaxyexipander;@sg to
represented by swing-, rotary-, and scroll-type. Accordingly, it is possible

embothriipgrove theepussovieyvasficie icytdi4td totabiornpswspobained by a super-

.. expansion of the fluid by the rotary expander. [0047] According to the
criticglpexfdenistitie§ Qe gsisbdinieriare Poisitessiplicabiai the above-
r (60) of embodiments of the present invention is applied to a fluid

mentiglh nffgwseaaawssw dha B Sreedie) and a motor (40).
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by swing-, rotary-, and scroll-type. Accordingly, it is possible to improve the recovery
efficiency of the rotation power obtained by expansion of the fluid by the rotary
expander.

[0047] According to the above-mentioned twelfth embodiment, the positive
displacement expander (60) of embodiments of the present invention is applied to a fluid
machinery equipped with a compressor (50) and a motor (40). Accordingly, it is possible
to effectively drive the compressor (50) by improving the power recovery efficiency of
the positive displacement expander (60) while reducing the power of the above-
mentioned compressor (50) served by the motor (40). Besides, by utilizing the
compressor (50) of the fluid machinery for the compression process while utilizing the
positive displacement expander (60) of the fluid machinery for the expansion process of

the vapor compression type refrigeration cycle, it is possible to perform the refrigeration

cycle with a superior energy-saving property.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Fig. 1 is a piping systematic diagram of an air conditioner according to



compressor (50) of the fluid machinery for the compression process while
utilizing the positive displacement expander (60) of the fluid machinery for
the expansion process of the vapor compression type refrigeration cycle,
it is possible to perform the refrigeratidn cycle with a superior
energy-saving property. BRIEF DESCRIPTION OF THE DRAWINGS
[0048] Fig. 1 is a piping systematic diagram of an air conditioner according
to 17 embodiment 1. Fig. 2 is a schematic sectional view of a
emb&OPAREISION/expansion unit according to embodiment 1. Fig. 3is a
schematic sectional view showing the operation of an expansion
Fig. eisharismm#tlg. 4isicnsthematis sechanakview Shewing ssstastiding o
part of the expansion mechanism according to embodiment | with the
embsihaftatangle of rotation being 0 or 360. Fig. 5 is a schematic sectional
view showing a substantial part of the expansion mechanism according to
Fig. 3rsiroutimantic withahel staft'shanipe diaotmiondveiigni&xfeigsibrisnachanism.
. schematic sectional view showing a substantial part of the expansion
Fig. \flelthantshemabiordrigiena miouiFawingvith thestgils parglelbtotapmsion
being 90. Fig, 7 is a schematic sectional view showing a substantial part

mechanis Aa5AHERSH rEBRAMEIS dcBHih i DATh S iR Of ol inTe bswagrd® or

.angle of rotation being 135. Fig. 8 is a schematic sectional view showing a
360°. . . . . .
Substantial part of the expansion mechanism according to embodiment 1

Fig. ith the ft's.angle.of ratation being.180. Fig. 9 is a,schematic sectional
8 &e\iﬁ/s S%é]l%é%lgu%gt%% Fcaid Blgr\ztv o??[ ‘eglg gng%ﬁ%arrﬁleaéhgnis %Ia eorgdiﬁagnf =

mec%@%%%iﬁé’%rbmﬁoaﬂﬁgﬁ aRals ald QE%PPQ 391%@% F?o?ation being 45°.

Fig. 6 is a schematic sectional view showing a substantial part of the expansion
mechanism according to embodiment 1 with the shaft’s angle of rotation being 90°.

Fig. 7 is a schematic sectional view showing a substantial part of the expansion
mechanism according to embodiment 1 with the shaft’s angle of rotation being 135°.
Fig. 8 is a schematic sectional view showing a substantial part of the expansion
mechanism according to embodiment 1 with the shaft’s angle of rotation being 180°.
Fig. 9 is a schematic sectional view showing a substantial part of the expansion
mechanism according to embodiment 1 with the shaft’s angle of rotation being 225°.
Fig. 10 is a schematic sectional view showing a substantial part of the expansion
mechanism according to embodiment 1 with the shaft’s angle of rotation being 270°.
Fig. 11 is a schematic sectional view showing a substantial part of the expansion
mechanism according to embodiment 1 with the shaft’s angle of rotation being 315°.

- Fig. 12 is a substantial part enlarged sectional view of a backflow prevention
mechanism according to embodiment 1. This view is a graph showing a relationship

between volume and pressure of an expansion chamber under the operating condition of



Fig. 10 is a schematic sectional view showing a substantial part of the
expansion mechanism according to embodiment 1 with the shaft's angle
of rotation being 270. Fig. 11 is a schematic sectional view showing a
substantial part of the expansion médéhanism according to embodiment 1
with the shaft's angle of rotation being 315. Fig. 12 is a substantial part
enlarged sectional view of a backflow prevention mechanism according to
embodiment 1. This view is a graph showing a relationship between
desigoftmseuand pressure of an expansion chamber under the operating
condition of 18 design pressure. Fig. 13 is a graph showing a relationship

Fig. h3tweenaphlshosvandaprdssonehdf teevexpanslionc charphesuadgnBn dgealsion
state. Fig. 14 is a graph showing a relationship between volume and
changregseuter ehtiiead)tatasion chamber when dead volume is formed in the
_communication path. Fig. 15 is a schematic sectional view showing a
Fig. ifpsegtiahphevne wipienbip Mvetanishmecordipg wencotrepiRion
Fig. 16 is a schematic sectional view showing a substantial part of the

chambes srhaB eaterplamens feesdinygls erREBERTaHES BEf. 17 is a schematic

Fig j}dional gilew showin% a structure and operation of a differential pressure
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showing a substantial part of the expansion mechanism according to
me@@rﬁff@dﬁ%@ﬁ#&.glg’ge b%%réles%&ématic sectional view showing the
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mecHRARAANrding to embodiment 3.

Fig. 17 is a schematic sectional view showing a structure and operation of a differential
pressure vatve according to embodiment 3.

Fig. 18 is a schematic sectional view showing a substantial part of the expansion
mechanism according to embodiment 4.

Fig. 19 is a schematic sectional view showing the operation of the expansion
mechanism according to embodiment 4.

Fig. 20 is a schematic sectional view showing a substantial part of the expansion
mechanism according to embodiment 5.

Fig. 21 is a schematic configuration diagram showing an inner structure of the
expansion mechanism according to embodiment .5.

Fig. 22 is a schematic sectional view showing the operation of the expansion
mechanism according to embodiment 5.

Fig. 23 is a schematic sectional view showing a substantial part of the expansion

mechanism according to embodiment 6.

Fig. 24 is a schematic sectional view showing the inside of the expansion mechanism



mechanism according to embodiment 5. Fig. 21 is a schematic
configuration diagram showing an inner structure of the expansion
mechanism according to embodiment 5. Fig. 22 is a schematic sectional
view showing the operation of the exfansion mechanism according to
embodiment 5. Fig. 23 is a schematic sectional view showing a substantial
part of the expansion mechanism according to embodiment 6. Fig. 24 is a
schematic sectional view showing the inside of the expansion mechanism

accorinmcenttingditacentbodiment 6. Fig. 25 is a schematic sectional view
showing the operation of the expansion mechanism according to

Fig. @hboditnenbantig. 26:tasdchEmatibeettpridieviepesitiowing alfirsexpansion
example of a backflow prevention mechanism according to another

meclgRipBARterting e ombedimenefatic sectional view showing a second
example_of the backflow prevention mechanism according to another

Fig. 2B GirhERPtEs G eosoReh YERFRAN SR R YEP SR Rg S fleirg prevention
Hlech%)éample of (? baéckflowfbgreveﬁ\?ti n mechanism according to another
CHBO ARSI IS AL S SRS i rence Numerals and Signs [0049]
. Air conditioner. (20) Refrigerant circuit (30) Compression/gxpansi
Fig. %t)i?ﬂﬁi ggnﬂleané Iﬁ;&ﬁ(@%@ﬁi é%%m §Qow1ng a segon eQampﬁe ote the a&r}low
prevention mechanism according to another embodiment.

Fig. 28 is a schematic sectional view showing a third example of a backflow prevention

mechanism according to another embodiment.

Description of the Reference Numerals and Signs

[0049]

(10} Air conditioner

(20) Refrigerant circuit

(30) Compression/expansion unit (fluid machinery)

(31) Casing

(40) Motor

(50) Compressor

(60) Expansion mechanism (positive displacement expander)
(61) Cylinder

(62) Expansion chamber

(72) Communication pipe (communication path)

(73) Electric-operated valve (circulation c.ontrol mechanism)

(75) Electromagnetically opening/closing valve (circulation control mechanism)



(40) Motor (50) Compressor (60) Expansion mechanism (positive
displacement expander) (61) Cylinder (62) Expansion chamber (72)
Communication pipe (communication path) (73) Electric-operated val\{e
(circulation control mechanism) (75) Electromagnetically opening/closing
valve (circulation control mechanism) 20 (76) Differential pressure valve
(circulation control mechanism) (80) Non-return valve (backflow
prevention mechanism) BEST MODE FOR CARRYING OUT THE

(76)INVENAHRNOR6R] FReqeirenisal dhepiesentipiantion will be
described in detail by referring to the drawings. [0051] <<Embodiment 1

(80)afithednrentidre Badictiwent-leigiacanfiguratian of an air conditioner (10)
using a fluid machinery of the present invention. [0052] <<Overall
configuration of air conditioner>> As shown in Fig. 1, the
above-mentioned air conditioner (10) is of what is called separate type
and equipBB8 IMHOERTEIRER SARRIPINENOI T) Tola i/ &#Nd®OIs and an
indoor equipment (13) located indoors. The outdoor equipment (11)

[005REmbedimenisiabbieraresen inreativacsihbadesatisaber 42@)] Afirsferring to

our-way switching valve (21), a second four-way switching valye (22),
the CLf?ﬁff"ﬁ‘g’cgompression expansion unit (30). On the one hand, the indoor

[00sTPLPEISNRLINFIYARS g indoor fan (14) and an indoor heat

Embodiment 1 is a configuration of an air conditioner (10) using a fluid machinery of
the present invention.

[0052] <<Overall configuration of air conditioner>>

As shown in Fig. 1, the above-mentioned air conditioner (10) is of what is called
separate type and equipped with an outdoor equipment (11) located outdoors and an
indoor equipment (13) located indoors. The outdoor equipment (11} includes an
outdoor fan (12), an outdoor heat exchanger (23), a first four-way switching valve (21),
a second four-way switching valve (22), and a compression expansion unit (30). On
the one hand, the indoor equipment (13) includes an indoor fan (14) and an indoor heat
exchanger (24). The above-mentioned outdoor equipment (11) is connected with the
above-mentioned indoor equipment (13) by a pair of communication pipes (15, 16).
{0053] The above-mentioned air conditioner (10) is provided with a refrigerant circuit
(20). The refrigerant circuit (20) is a closed circuit to which the
compression/expansion unit (36) and the indoor heat exchanger (24) are connected.
Besides, the refrigerant circuit (20) is filled with carbon dioxide as a refrigerant.

[0034] Both the above-mentioned outdoor heat exchanger (23) and the indoor heat

exchanger (24) are comprised of a cross-fin type fin and tube heat exchanger. In the



exchanger (24). The above-mentioned outdoor equipment (11) is
connected with the above-mentioned indoor equipment (13) by a pair of
communication pipes (15, 16). [0053] The above-mentioned air
conditioner (10) is provided with a refdgerant circuit (20). The refrigerant
circuit (20) is a closed circuit to which the compression/expansion unit
(30) and the indoor heat exchanger (24) are connected. Besides, the
refrigerant circuit (20) is filled with carbon dioxide as a refrigerant. [0054]

outd@nthdmecabhuezenqpinned euiseonheat anshanaerd2a) %Edrg}ﬁ%@g&x?rcimuit
heat exchanger (24) are comprised of a cross-fin typée fin and tube heat

(20) exchanygenhdat thish2dutdutdatr héatiexairg Set2 3G9 ARt refrigerant
circulating through the refrigerant circuit (20) exchanges heat with

circugiiidp dhrakehrthhedfrijmortieateitqingec 2 she sefigetamioisulating
through the refrigerant circuit (20) exchanges heat with indoor air. [0055]
[005 Shéhsrhysriasidprad fifsttfweway switching valve (21) is egiippedwiiTour
four, ports. The first four-way switching valve (21) has a first port
POTiSe o niscHEd {9 W draxriehingry %) @l irhesarfiprensib pexpaiedion audiitcharge
ot , econd port connected to one end of the indoor heat exchanger
PO {i% ?ﬁ?%ﬁaﬂfﬁ?gec%?} RSt Pt dYeby2 seanrd port ceonpeetbtd tonersad of

. fithe outdoor heat exchanger (23), and a fourth port connected to a
e e T AR R e eersojPa i het i por

co B B e S R B eeraed (o

state of the first port communicating wi

a2 sufeSh CRRMMEANGHE e QLU RS SN B A s ihen £1g. 1)

and the state of the first port communicating wit hird port dRd

switchbgordipertxigrsnunisalingivethshadeaid Borkas showndy,ARroken o
line in Fig. 1). [0056] The above-mentioned second four-way switching
commvavea(i2) vataghippadaditiort and the third port communicating with the fourth
port (as shown by a solid line in Fig. 1) and the state of the first port communicating
with the third port and the second port communicating with the fourth port (as shown by

a broken line in Fig. 1).

{0056] The above-mentioned second four-way switching valve (22) is equipped with
four ports.  The second four-way switching valve (22) has a first port connected to an
outflow port (37) of the compression/expansion unit (30), a second port connected to
the other end of the outdoor heat exchanger (23), a third port connected to the other end
of the indoor heat exchanger (24) through the communication pipe (16), and a fourth
port connected to an inflow port (36) of the compression/expansion unit 30). The
second four-way switching valve (22) is configured to be switchable between the state
of the first port communicating with the second port and the third port communicating

with the fourth port (as shown by a solid line in Fig. 1) and the state of the first port

communicating with the third port and the second port communicating with the fourth



four ports. The second four-way switching valve (22) has a first port
connected to an outflow port (37) of the compression/expansion unit (30),
a second port connected to the other end of the outdoor heat exchanger
(23), a third port connected to the other end of the indoor heat exchanger
(24) through the communication pipe (16), and a fourth port connected to
an inflow port (36) of the compression/expansion unit (30). The second
four-way switching valve (22) is configured to be switchable between the
port @ BopmhE fifktoben eemimtigichting with the second port and the third
ort communlcatlng with the fourth port (as shown by a solid line in Fig. 1)
[005 2 gthandigrsabiom e lmerpsisies/aman aingikith the third port and the
second ort co%munlcatln |th the fourth 22 port (as shown by a broken

As shgam b 4815 [ P R e B AR R Ao R AR Pesoastivaies Ahes fopid mashinery

s shown in Fig. 2, the compression/ex anS|on unit (30) constjtutes the
secoffid rygeg%cé%\F ﬁ’%t SRR BT gh oot (10) Rotkes the

compggggi%rﬁﬁ%égﬂéﬁwe x?aor% ngugaes he, CO@B;GSSSP& Meg org: in the

€ expansion meé e moto he ca

casinB139IGHhIRIR B @fgoﬂéﬂ%ﬁ?ﬂ%%ﬂg“%@ AAcioFed fARAN S o ifer.  The

compression mechanism (50), the motor’(40), and the expansion

compReshanisi S0k es@ysmeisRase dim thisiderdaheicasing k3kkromoethe
to right in Fig. 2. It is noted that "left" and "right" used in the following

also dieposigtinniiferdegitothdgagingIPey ety Isramne rigi et and "nghtnitctithat
2. [0058] The above-mentioned motor (40) is disposed in the center of the

“left’tasih(ri@tt) wscthenldrgftibiwal gifectiot chhe faoing (4®)iinelucesaistiyatand
(41) and a rotor (42). The stator (41) is fixed to the above-mentioned
for “leAdingd Suphthr®iwrd4?2) is disposed inside the stator (41). Besides, a
main spindle portion (48) of a shaft (45) coaxially
[005 8] The above-mentioned motor (40) is disposed in the center of the casing (31) in
the longitudinal direction. The motor (46) includes a stator (41) and a rotor (42).
The stator (41) is fixed to the above-mentioned casing (31). The rotor (42) is disposed
inside the stator (41). Besides, a main spindle portion (48) of a shaft (45) coaxially
passes through the rotor (42).
[0059] A large diameter eccentric portion (46) is formed on the right end of the
above-mentioned shaft (45), and a small diameter eccentric portion {47) is formed on its
left end. The large diameter eccentric portion (46) is formed with its diameter larger
than that of the main spindle portion (48) and is formed in an eccentric manner relative
to the shaft center of the main spindle portion (48} by a predetermined degree. On the
one hand, the small diameter eccentric portion (47) is formed with its diameter smaller
than that of the main spindle portion (48) and is formed in an eccentric manner relative

to the shaft center of the main spindie portion (48) by a predetermined degree. The

shaft (45) constitutes the axis of rotation.



passes through the rotor (42). [0059] A large diameter eccentric portion
(46) is formed on the right end of the above-mentioned shaft (45), and a
small diameter eccentric portion (47) is formed on its left end. The large
diameter eccentric portion (46) is forided with its diameter larger than that
of the main spindle portion (48) and is formed in an eccentric manner
relative to the shaft center of the main spindle portion (48) by a
predetermined degree. On the one hand, the small diameter eccentric

[006pPriibe G0N s iemredenithils diamesersmalien HAR habal RSMaiRt shown.

spindle portion (48) and is formed in an eccentric manner relative to the
Besidhgfidemitetind dié madscspitidle thertiond48) Hiha predetasmiad deanes (31).
The shaft (45) constitutes the axis of rotation. 23 [0060] The
The duerieatingntidnisdpsimarit¢48) ibcommecterimihand elpliep, toahshemtipression
Besides, lubricating oil is reserved at the bottom of the above-mentioned
mechapinty (39) anrribeaghpeating witdbapismpéd ufsbysthin dilbpigatipand supplied
tQ the compression mechanism (50) and the expansion mechanism (60)
(00645 s FRATBIREAST OB FHOBTBIELATMOITEY eormprdssivhat is called a

echanism (50 lé:onstitutes what is called a_scroll compressor. The
Hm

scrold GTBRESEISh mUBhARTEATSHSWRREER A dsiseeme P13, Bxed scrol

el A e B R (3 s (20 s
' | - ioned. fixed.scroll (51),

e e 53 WIS SIOGRel BRCaHEahi D ) e

[oocendplate (GRvetthefisgdiserall(al)ojs a@béfjj t9 ;ﬁﬁgﬁﬂ%@&?ﬁeo%tgg?g} is

one hand, in the above-mentioned movable scr 4), a whorl' m

projesidieplanpiabidadnsniestinglyprovilsd on plrielke @85 aiale 4%0d St 51
fixed scroll (51) and the movable scroll (54) are disposed oppositely to

is fixedcty the casing (31). On the one hand, in the above-mentioned movable scroll
(54), a whorl movable side lap (56) is projectingly provided on a plate-like end plate
(53).  The fixed scroll (51) and the movable scroll (54) are disposed oppositely to each
other. Engagement of the fixed side lap (53) and the movable side lap (56) allows the
compression chamber (59) to be partitioned.

[0063] One end of the above-mentioned suction port (34) is connected with the outer
circumferential side of the fixed side lap (53) and the movable side Iap {(56). On the
other hand, the above-mentioned discharge port (35) is connected with the center of the
end plate (52) of the fixed scroll (51), and its one end is opened in the compression
chamber (59).

[0064] A protruded portion is provided on the center of the right side of the end plate
(55) of the above-mentioned movable scroll (54), and the small diameter eccentric

portion (47) of the shaft (45) is inserted into the protruded portion. Besides, the

above-mentioned movable scroll (54) is supported by a frame (57) through an Oldham’s



other. Engagement of the fixed side lap (53) and the movable side lap (56)
allows the compression chamber (59) to be partitioned. [0063] One end of
the above-mentioned suction port (34) is connected with the outer
circumferential side of the fixed side ¥4p (53) and the movable side lap
(56). On the other hand, the above-mentioned discharge port (35) is
connected with the center of the end plate (52) of the fixed scroll (51),

~and its one end is opened in the compression chamber (59). [0064] A

1ing heddrudEbiepoltiormss piogithlfl enrthetoenteirolf the mghtcsidd ditheoenile scroll
plate (55) of the above-mentioned movable scroll (54), and the small

(A giahhsterecddntserobolfdh moyest mieusdathesshidtivsateschinto phedetermined
protruded portion. Besides, the above-mentioned movable scroll (54) is

urnigg A M HlPAYARTRiEY) tRsuBiaReo RS S iy bl swiedl (54) is the
Old,ﬂ% 's ring f&?é) serves to_control the rotation of the movable scroll
samg 2 S e S CRinins 2 1o SRe L AT e SR SRR ).
termine rning radius without rotation, The turning radjus of the .
o0 R e A O R A B0 L e e ggipon
| ic.nort . T hove~mentioned expansion
D e Ol DB Y TSR S PaR0s e

preséREERARISH. aNdeODgHitHiRS the Aasiixe @@p&@g@@gé@%@ﬁpge@%@ (61), 2

present invention. The expansion mechanism equipped

frontdydintl@3(0 4 kear friant (B3 0hiRR Asterdmad thdldanNe RIS BPhechanism

Besides, the expansion mechanism (60) is provided with the
(60) EhmesridedntioheikinBiove posh 36} didlowthow (38} 437 butfeeBlFhe bt

side end face of the above-mentioned cylinder (61) is blocked by the front
[006hbAlgd8l; sidd udifjiet sidéhenabraceneitionke dchlirter @d) hedth(@4). by the

That is to say, the front head (63) and the rear head (64) each serve as a
ﬁontmggj(i(@}ngpﬁlj@mght side end face is blocked by the rear head (64). That is to
say, the front head (63) and the rear head (64) each serve as a blocking member.
[0067] The above-mentioned piston (65) is housed in the cylinder (61), whose the ends
are blocked by the front head (63) and the rear head (64). As shown in Fig. 4, the
expansion chamber (62) is formed in the cylinder (61), and the outer circumference of
the piston (65) has substantially sliding-contact with the inner circumference of the
cylinder (61).
[0068] As shown in Fig. 4(A), the above-mentioned piston (65) is formed in an annular
or cylindrical shape. The inside diameter of the piston (65) is approximately equal to
the outside diameter of the large diameter eccentric portion (46). The large diameter
eccentric portion (46) of the shaft (45) is provided so as to pass through the piston (65),
and the inner circumference of the piston (65) has sliding-contact with an approximately

entire outer circumference of the large diameter eccentric portion (46).

[0069] The above-mentioned piston (65) is provided integrally with a blade (66). The



[0067] The above-mentioned piston (65) is housed in the cylinder (61),
whose the ends are blocked by the front head (63) and the rear head
(64). As shown in Fig. 4, the expansion chamber (62) is formed in the
cylinder (61), and the outer circumfe?énce of the piston (65) has
substantially sliding-contact with the inner circumference of the cylinder
(61). [0068] As shown in Fig. 4(A), the above-mentioned piston (65) is
formed in an annular or cylindrical shape. The inside diameter of the

blad@igen S Hiaappiommaiely @ﬂ%hl@té%@lﬁﬁg%&gé@%ﬁst%}gr%%  quter

diameter eccentric portion (46). The large diameter eccentric portio
circuoififrershaff (45 )pistproé8nd sthaei@fassntRiRMatNe DiSIPRE3). AL BEeq
inner circumference of the piston (65) has sliding-contact with an
betwagptbximatetjrosmtife autes LitcurgTiénog DF hd 1R dinmRieh RSERRATHE the
. portion (46). [0069] The above-mentioned piston (65) is provided integrally
Pistoyitha, raprs B eped ey 25isthdatis (36) iitohighebinshedaitt ghactate:gagsion
., .protrudes outwards from the outer circumference of the piston (65). The
side) apddhsilonamarnier vide) diskhange sdatiwiched between the inner
007 'r%g}r?ference of the %Iind_er (61) and the outer circumference of the
[ @s (BVIRAB R PINPERE HAddsrreciridadighifresaie siibushes (67).
(sucti xpansion, side) and the low-pressure side (discharge side).
Each e B ey R (B0 rov Ao i ot cisposed
g Y/ ush (67) is formed in the form of a semicircle. The
san I L BRI e gt Bl BBl ber e
bush&ige7RaAINSI NG RIadS r.dhe hes (67) are rot
us g@.ﬁ ? @[%M:%ﬁ%? Sﬁ% dxt%%%kﬁ ndciwaégﬁ% t%cgf)

ble .
against the cylinder (61) while Sandwi Ade v?/aéign(.66) n

betw¢@.71] As shown in Fig. 4, the above-mentioned inflow port (36) is formed

in the front
[0071] As shown in Fig. 4, the above-mentioned inflow port (36} is formed in the front

head (63) and constitutes an introduction path. The end of the inflow port (36} is
operied, on the inner side of the front head (63), at a position where the inflow port {36)
does not directly communicate with the expansion chamber (62). Specifically, the end
of the inflow port (36) is opened, in the portion having sliding-contact with the end face
of the large diameter eccentric portion (46) on the inner side of the front head (63), ata
slightly upper position on the left side of the shaft center of the main spindle portion
(48) in Fig. 4(A).

[0072] A groove-like path (69) is also formed on the front head (63). Asshown in Fig,
4(B), the groove-like path (69} is formed in the form of a concave groove which opens
on the inner side of the front head (63) by drilling the front head (63) from the inner
side.

[0073] The opening portion of the groove-like path (69) on the inner side of the front

head (63) is in the form of a vertically elongated rectangle in Fig. 4(A). The



head (63) and constitutes an introduction path. The end of the in_fl_ow port

(36) is opened, on the inner side of the front head (63), at a position

where the inflow port (36) does not directly communicate with the

expansion chamber (62). Specificall#®the end of the inflow port (36) is

opened, in the portion having sliding-contact with the end face of the

large diameter eccentric portion (46) on the inner side of the front head

(63), at a slightly upper position on the left side of the shaft center of.the

growlﬂémﬁ@ué%md@cm o thg. 1a{in9i 007 2heA\ gpefovenlikeqiatte (@rispindle
also formed on the front head (63). As shown in Fig. 4(B), the groove_—llke

portion (I iEiforihdd inBiseidsrnitoF i chthvibegropee antioh bamsove lile path
inner sid&&‘ﬁ%gront head,(63) by drilling the front head (63) from the

(©9)ifigeass PPkl S SBFISR RS Gfobreiia ”aﬂﬁl&@%#g&ﬁewer_
| ' head (63) is in the fq f a vertically elongated
e ORI 4 JRoPUAT PR e} e Ao i e

' . of in spind| tion.(48) in Fig, 4(A). )
cooeE RO BT S0 BSOS B e Bl sinen
comslightivinside, the %@ﬁs‘}gﬁ‘éﬂl{ﬁ@ ﬁf the cylinder (61) and its lower

end is located at a portion having sliding-contact with the end face of the

00 elmaie 18 B thei ide of ghe front ) .
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portiQOT) A LORENARICaSRN PatkHTOh i alse tqm%@@&ﬁﬁd@ﬁ&%@éﬁfﬁ%f(m) is
eccentric f.. portion (46) of the shaft (45). As shown in Fig. 4(B), the
formegnimitirei clation qfath«((#@pie fotes whibk tyenoba cancave BEROYE MIGHGe
opens on the end face of the large
diameter eccentric portion (46) opposite to the front head (63) by drilling the large
diameter eccentric portion (46) from the end face side.
[0075] Besides, as shown in Fig. 4(A), the communication path (70) is formed in the
form of an arc extending along the outer circumference of the large diameter eccentric
portion (46). Moreover, the center of the communication path (70) in the
circumferential direction is located on the line connecting the shaft center of the main
spindle portion (48) with the shaft center of the large diameter eccentric portion (46)
and on the other side of the shaft center of the main spindle portion (48) relative to the
shaft center of the large diameter eccentric portion (46). When the shaft (45) rotates,
the communication path (70) of the large diameter eccentric portion (46) moves
accordingly, and thén the inflow port (36) intermittently communicates with the
groove-iike path (69) via the communication path (70).
[0076] As shown in Fig. 4(A), the above-mentioned inflow port (37) is formed in the

cylinder (61). The inner end of the inflow port (37) opens on the inner circumference

of the cylinder (61) facing the expansion chamber (62). The inner end of the inflow



diameter eccentric portion (46) opposite to the front head (63) by drilling
the large diameter eccentric portion (46) from the end face side. [0075]
Besides, as shown in Fig. 4(A), the communication path (70) is formed in
the form of an arc extending along tRé outer circumference of the large
diameter eccentric portion (46). Moreover, the center of the
communication path (70) in the circumferential direction is located on the
line connecting the shaft center of the main spindle portion (48) with the

portSait sRieEIebdNG I IRHIAMESr RETREGRTHPR; 1G] s3d On the other

side of the shaft center of the main spindle partion (48) relative to the

[00BHAMcrater,ahthelargedinmpaiareeantisic ReEiam ANy Reptheishalin the

(45) rotates, the communication path (70) of the large diameter eccentric
compartiont{dBpipeves) aceaislinglniaaebipatheHRIOWReEE (IR INREMHIKE M Yort
communicates with the groove-like path (69) via the communication path
(36)(7ehi¢b0y SherE s antiow Fide 4¢Ahetksaineiver wientibaed 7)flend ok Riistes
. formed in the cylinder (61). The inner end of the inflow port (37) opens on
withgeppideeipéiheeretion/ epemsiopliprier(s of fcinghesexpansitricteaNbeThe
(62), The inner end of the inflow 27 port (37) opens close to the right side
COMBRIERI AL 16 [ 0P Papsii e ovith hsreisorlating aboivel mrsbiamiea (73) for

ansion mechanism (60) is provided with the communication pipe (72)

switthing . hetweric s aton \Aﬁﬂéﬂ HRRrgds hentehdarmsiv Poringeshonitn the
IS the fluid inflow side in the expansion chamber (62), and communicates
com R TEL S0 ARG aRei BloABLS PhalexaHai Prevention
icati ipg (72) i jded with th
el e B D e S e 62

into %@Q@ﬁ}ﬁ&ﬁgﬁ%ﬁ@%f@ ing through the communication pipe (72) and
regulating a flow rate, and the backflow prevention

[0078] The above-mentioned communication pipe (72) is connected close to the left
side of the blade (66) in Fig. 4(A). Specifically, the above-mentioned communication
pipe (72) is connected with a part thereof being passed through the cylinder (61) at the
position of approximately 20° to 30° in the counterclockwise direction in Fig.4(A) with
the center of rotation of the bushes (67) being assumed 0° based on the center of rotation
of the shaft (45).

[0079] The above-mentioned circulation control mechanism (73) is provided at a
position of the above-mentioned communication pipe (72) outside the cylinder (61).
The circulation control mechanism (73) is comprised of an electric-operated valve
(injection valve) capable of adjusting the degree of opening. The electric-operated
valve (73) is configured to be able to regulate a flow rate of the refrigerant flowing
through the above-mentioned communication pipe (72) by adjusting the degree of
opening.

[0080] The above-mentioned backflow prevention mechanism is comprised of the



mechanism (80) for preventing the fluid from flowing from the expansion
chamber (62) into the communication pipe (72). [0078] The
above-mentioned communication pipe (72) is connected close to the left
side of the blade (66) in Fig. 4(A). Sp&kifically, the above-mentioned
communication pipe (72) is connected with a part thereof being passed
through the cylinder (61) at the position of approximately 20 to 30 in the
counterclockwise direction in Fig.4(A) with the center of rotation of the

nonbeshes67) yeig assemer RRaser AN thepsenterafiRiption, %:o %%[‘S%F the

(45). [0079] The above-mentioned circulation control mechanis
comproniciathat pippoTigriefidae aboveIRERtENBd CATNHBICALARPIRG o) is
_outside the cylinder (61). The circulation control mechanism (73) is
disposriprisibe ef prmsitecttiernbar eyl vedvainiectiomyalvekcappbiged valve (73)
adjusting the degree of opening. The electric-operated valve (73) is
and ebnfigeibd wibesbichardguléiz)a flow rate of the refrigerant flowing

through the above-mentioned communication pipe (72) by adjusting the
{00844 dereopesieatiy. J00BoThe Bisold.Hemionedbackiloapidientmprised of

mechanism is comprised of the 28 non-return valve (80). The non-return
a suppirt (Bb) i@ prdvidEal82positel s ralsaasrt®alniodion dige ) Bwide The
su th I'nd%r %51? Th§ non-ret rﬁévalv_e (80) is disposed on the expansion

PRERSTER B2 SIS HmPe (R B ttsdopethaddhztoaprayicationcse (72).
A plif ansion.ch berég ). Og%%%glore pecifically, as shown in Tﬁg
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coil B2hAxalve W ?5% ) alve seat (84). Th or&gl) is fixed,

tg?; an%a(sué)porte by t e:}:ngl%négb v%gﬁ gﬁﬁﬁéogggr%#gﬁ%gﬁgﬁoggé ?)qe oppostte
to the expansion chamber (62), and the other end of the coil spring (82} supports the
above-mentioned valve element (83). The valve element (83) is comprised of a ball
type valve element which is formed in the form of approximately semi-circular or
trapezoidal cylinder. The valve seat (84) is fixed to and supported by the
communication pipe (72) so as to be located close to the tip of the valve element (83).
The valve element (83) biased by the above-mentioned coil spring (82) to come into
contact with the valve seat (84). By this structure, the non-return valve (80) is
configured to allow the fluid to flow from the communication pipe (72) into the
expansion chamber (62) while inhibiting the fluid from flowing from the expansion
chamber (62) into the communication pipe (72).
[0082] As shown in Fig. 4, the air conditioner (10) of embodiment 1 is provided with
the overexpansion pressure sensor (74¢) for detecting the pressure in the expansion
chamber (62), in addition to the high-pressure sensor (74a) and the low-pressure sensor

(74b), which are generally disposed in the refrigerant circuit (26). The control means

(74) of the air conditioner (10) is édapted to control the above-mentioned



A plurality of circulation holes (85) are formed on the support (81). One
end of the coil spring (82) is supported by the above-mentioned support
(81) on the side opposite to the expansion chamber (62), and the other
end of the coil spring (82) supports the above-mentioned valve element
(83). The valve element (83) is comprised of a ball type valve element
which is formed in the form of approximately semi-circular or trapezoidal
cylinder. The valve seat (84) is fixed to and supported by the
electeoroperatieRiaivpiRe3) 3h soavigibeoaaeselose tadRedip of the.valvesors
element (83). The valve element (83) biased by the above-mentioned coil
(74a st 32) to come into contact with the valve seat (84). By this structure,
the non-return valve (80) is configured to allow the fluid to flow from the
[0083bnidneradation pipe (72) into the expansion chamber (62) while inhibiting
the fluid from flowing from the expansion chamber (62) into the
The eppishioRicatids Bipye7RENODBR] Ay shodhdneFigl®), idl die chnditimder Here
(10) of embodiment | is provided with the overexpansion pressure sensor
descriphientés duadetlythre eatore 9 the aipanatifoerraMBed@ginbe cooling
addition to the hjgh-pressure sensor (74a) and the low-pressure sensor
oper "}%ﬁﬂ%ﬁ?&hg%l%%ﬁ@?&arﬁi)&isﬁiﬂs%‘ﬁ’?ﬁQH%“FBfﬁééF’&rﬁlﬁ%ﬁﬂn(Qéfh‘Tﬁépansm

mechcogstlrgl pgans (74) of the air conditioner (10) is adapted to control the

e%love-gn ntioned 29 electric-operated valve (73) on the basis of the

[008@]’%&%’%@1{1 t?gggé%;@ese sensors (74a,74b,74c). [0083] -Operation The
[ the a

operation 0 ove-mentioned air conditioner (10) will be described.

Durix?efﬁe desaHpligRIsHRIGOHAE AREIQUONQLAIEAT LN %’?ee[ {¥e second
uring the cooling operation and the heating operation, a sugsequently
four-QlathevaRaiAEORA/d229XRBNSION switched to the state indicated by the broken
line shown in Fig. 1. When power is applied to the motor (40) of the
compression/expansion unit (30) in this state, the CO, refrigerant circulates in the
refrigerant circuit (20) to carry out the vapor compression type refrigeration cycle
(super-critical cycle). 7

[0085] The refrigerant compressed by the compression mechanism (50) is discharged
from the compression/expansion unit (30) through the discharge port (35). In this state,
the pressure of the refrigerant is higher than its critical pressure. The discharged
refrigerant is fed through the first four-way switching valve (21) to the outdoor heat
exchanger (23). In the outdoor heat exchanger (23), heat exchange is carried out
between the in-flowing refrigerant and outdoor air fed by the outdoor fan (12).
Through this heat exchange, the refrigerant dissipates heat in the outdoor air.

[0086] The refrigerant which has dissipated heat in the outdoor heat exchanger (23)

passes through the second four-way switching valve (22) and then through the inflow

port (36) and flows into the expansion mechanism (60) of the compression/expansion



mechanism (60). [0084] <<Cooling Operation During the cooling
operation, the first four-way switching valve (21) and the second four-way
switching valve (22) are each switched to the state indicated by the
broken line shown in Fig. 1. When G&Ner is applied to the motor (40) of
the compression/expansion unit (30) in this state, the CO2 refrigerant
circulates in the refrigerant circuit (20) to carry out the vapor compression
type refrigeration cycle (super-critical cycle). [0085] The refrigerant

unit @6 préssed dypihe @omprkasion GELhaniBiphH0}isdiselidpget froaxtheded
compression/expansion unit (30) through the discharge port (35). In this

and dsaintenhel sresghires siotheref igurathdsthighen thawdts affittealshadisédp. The
The discharged refrigerant is fed through the first four-way switching
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., exchange, refrigerant dissipates heat in the outdoor air. [0086] The
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refrigerant after expansion passes flows out of the compression/expansion
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four-way switching valve (22) and is sent to the indoor heat exchanger
exch42d9r (24) passes through the first four-way switching valve (21) and then through
the suction port (34) to be absorbed into the compression mechanism (50) of the
compression/ expansion unit (30). The compression mechanism (50) compresses the
absorbed refrigerant and discharges it.
[0088] <<Heating Operation>>
During the heating operation, the first four-way switching valve (21) and the second
four-way switching valve (22) are each switched to the state indicated by the solid line
shown in Fig. 1. When power is applied to the motor (40) of the
compression/expansion unit (30) in this state, the CO, refrigerant circulates in the
refrigerant circuit (20) to carry out the vapor compression type refrigeration cycle
(super-critical cycle).
[0089] The refrigerant compressed by the compression mechanism (50) is discharged
out of the compression/expansion unit (30) through the discharge port (35). In this

state, the pressure of the refrigerant is higher than its critical pressure. The discharged

refrigerant is fed through the first four-way switching valve (21) to the indoor heat



[0087] In the indoor heat exchanger (24), heat exchange is carried out

between the in-flowing refrigerant and indoor air fed by the indoor fan

(14). Through this heat exchange, the refrigerant absorbs the heat from

the indoor air and evaporates, thereBy cooling the indoor air. The

low-pressure gas refrigerant out of the indoor heat exchanger (24) passes

through the first four-way switching valve (21) and then through the

suction port (34) to be absorbed into the compression mechanism (50) of
exchahgerc@24)ressiotheekprnsidiranixtd@p gEha 2Hm prassiaohaeehanismr{&0)out

compresses the absorbed refrigerant and discharges it. [0088] <<Heating
betwegpettation- wing tedrisestivicpogaration, abre fildtriowghwhis Switckindamdee the

(21) and the second four-way switching valve (22) are each switched to
refrigprangtdiesinarabedt by thecivdier nctoshrslhinimigon 2iwhen power is

pplied to the motor (40) of the comi%ression/expansion unit (30) in this
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in-flowing refrigerant and indoor air. Through this heat exchange,
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The refrigerant which has dissipated heat in the indoor heat exchanger

(30) (Rbagh the outflow port (37), and passes through the second four-way switching

valve (22) to be sent to the outdoor heat exchanger (23).

[0091] In the outdoor heat exchanger (23), heat exchange is carried out between the

in-flowing refrigerant and outdoor air, and the refrigerant absorbs heat from the outdoor

air and evaporates. The low-pressure gas refrigerant out of the outdoor heat exchanger

{23) passes through the first four-way switching valve (21) and then through the suction

port (34) to be absorbed into the éompression mechanism (50) of the compression/

expansion unit (30). The compression mechanism (50) compresses the absorbed

refrigerant and discharges it.

[0092] <<Operation of Expansion Mechanism>>

Next, the operation of the expansion mechanism (60) will be described by referring to

Figs. 3to 11. Fig. 3 shows a section of the expansion mechanism (60) perpendicular to

the central axis of the large diameter eccentric portion (46) at every 45° rotation of the

shaft (45). In Figs. 4 to 11, those indicated by (A) each show an enlarged section of

the expansion mechanism (60) at every angle of rotation in Fig, 3, and those indicated



passes through the second four-way switching valve (22) and then
through the inflow port (36) and flows into the expansion mechanism (60)
of the compressionlexpansion unit (30). In the expansion mechanism
(60), the high-pressure refrigerant is*¥xpanded and its internal energy is
converted into the rotation power of the shaft (45). The low-pressure
refrigerant after expansion flows out of the compression/expansion unit
(30) through the outflow port (37), and passes through the second

by (Byarewvisrswheh g wialye (iRrotiiesseniotoothioutdanheatcekehang o)
(23). [0091] In the outdoor heat exchanger (23), heat exchange is carried

along thasenixed axds o f ithe baesglianiierasneaticopedoor 66) andhtRsediBerant

bsorbs heat from the outdoor air and evaporates. The low-pressure gas
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-way,switching valve (21) and then through the suction port (34) to be
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expansion mechanism (60) at every angle of rotation in Fig. 3, and thoSe
largeidiioatede8: i Byarenvi¢sys eoghishendngal sehematicisastion 9hthe70)

expansion mechanism (60) along the central axis of the large diameter
of thelrentHemueiencetticlpdeigs A®)isonthéBath efsestinmetiemaily with

spindle portion (48) is omitted.
the groove-like path (69).  The groove-like path (69) is covered by the end face of the
piston (65) and the large diameter eccentric portion (46), and thus in the state of
non-communication with the expansion chamber (62). The entire expansion chamber
(62) is on the low-pressure side by communicating with the outflow port (37). At this
time, since the expansion chamber (62) is in the state of being blocked from the inflow
port (36), the high-pressure refrigerant does not flow into the expansion chamber (62).
[0095] When the angle of rotation of the shaft (45) is 45°, the inflow port (36) is in the
state of communication with the communication path (70) of the large diameter
eccentric portion (46) as shown in Figs. 3 and 5. The communication path (70) also
communicates with the groove-like path (69). The groove-like path (69} is in the state
such that the upper end thereof is off the end face of the piston (65) as shown in Figs. 3
and 5(A) and communicates with the high-pressure side of the expansion chamber (62).

At this time, since the expansion chamber (62) is in the state of communication with the

inflow port (36) via the communication path (70) and the groove-like path (69), the



[0093] When the high-pressure refrigerant is introduced into the expansion
chamber (62), the shaft (45) turns in the counterclockwise direction as
shown in Figs. 3 to 11. [0094] As shown in Figs. 3 and 4, when the angle
of rotation of the shaft (45) is 00, the’®nd of the inflow port (36) is covered
with the end face of the large diameter eccentric portion (46). That is to
say, the inflow port (36) is in the state of being blocked by the large
diameter eccentric portion (46). On the one hand, the communication path

high@@}safthedrigegendifovaiénecaenis-pasiand 4@kis e & chamber
communication only with the groove-like path (69). The groove-like path
(62).(69hi¢ ovevad inyrtdaaih et ohitte ppistare ()i andihmiange diameten
eccentric portion (46), and thus in the state of non-communication with
champr édainsieriashairibeth@2) el enttioerpénsibnftitsnbefrog ) isomn thie.
low-pressure side by communicating with the outflow port (37). At this
[009}des ipiea tAd e Ariaid § cribeathe e2)jdofiTetriorned GEsbify(BMHCkEY”, the
from the inflow_ port (36), the high-pressure refrigerant does not flow into
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piston (65) as Shown in Figs. 3 an ) an cates with the
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the 33 high-pressure refrigerant flows into the high-pressure side of the
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refrigerant into the expansion
At this time, since the expansion chamber (62) is in the state of being blocked from the
inflow port (36), the high-pressure refrigerant does not flow into the expansion chamber
(62). Thus, introduction of the high-pressure refrigerant into the expansion chamber
(62) is terminated while the angle of rotation of the shaft (45) is from 90° up to 135°,
[0098] After introduction of the high-pressure refrigerant into the expansion chamber
(62) is terminated, the high-pressure side of the expansion chamber (62) becomes a
closed space, and the in-flowing refrigerant expands there. That is to say, as shown in
Fig. 3 and Figs. 8 to 11, the shaft (45) turns and the volume of the expansion chamber
(62) on the high-pressure side increases. In the meantime, the low-pressure refrigerant
after expansion continues to be discharged through the outflow port {37) from the
low-pressure side of the expansion chamber (62), which communicates with the outflow
port (37).

[0099] The refrigerant in the expansion chamber (62) continues to expand until the



chamber (62) is started while the angle of rotation of the shaft (45) is from
0 up to 45. [0096] As shown in Figs. 3 and 6, when the angle of rotation
of the shaft (45) is 90, the expansion chamber (62) remains in the state of
communication with the inflow port (éé) via the communication path (70)
and the groove-like path (69). Thus, while the angle of rotation of the
shaft (45) is from 45 up to 90, the high-pressure refrigerant continues to
flow into the high-pressure side of the expansion chamber (62). [0097] As

contgtiquonioniifthpimton7(6aertithbeangindef (6BtienchtthReshaflddb)ds: 185,
_the communication path (70) of the large diameter eccentric portion (46) is
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the inflow port (3_6%. At this time, since the expansion chamber (62) is in
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refrigerant does not flow into the expansion chamber (62). Thus,
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__(62).is terminated while the, angle of rotation of the shaft (45) is from 90 up
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refrigerant after expansion continues to be discharge
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(62), which communicates with the outflow port (37). [0099] The
pressgfrigttantdwhe sxpardiogechamiiie(42) Conittesdoisxpane:yatilitag Bhe
contact portion of the piston (65) with the cylinder (61) reaches the outflow
expapgiangzgmber (62) becomes smaller than the low-pressure of the refrigeration
cycle, overexpansion loss occurs when the low-pressure refrigerant is discharged. In
view of this, in the expansion mechanism (60) according to the present embodiment, the
above-mentioned control means (74) carries out the following operation control on the
basis of the pressure detected by the above-mentioned sensors (74a,74b,74c).
[0101] Specifically, for example, when the differential pressure between the
low-pressure sensor (74b) and the overexpansion pressure sensor {74¢) becomes larger
than a predetermined value, the electric-operated valve (73) in the communication pipe
(72) is opened to a predetermined degree of opening.  As a result, the high-pressure
refrigerant diverged from the inflow port (36) circulates through the communication
pipe (72). Then, the high-pressure refrigerant passing through the electric-operated
valve (73} reaches the non-return valve (86).

[0102] When the high-pressure refrigerant reaches the non-return valve (80), the valve

element (81) of the non-return valve (80) is pushed toward the expansion chamber (62)



while the angle of rotation of the shaft (45) is from 315 up to 360 . When
the contact portion of the piston with the cylinder (61) crosses the outflow
port (37), the expansion chamber (62) is brought into communication with
the outflow port (37) and the expand&d refrigerant starts to be
discharged. [0100] During the operation of the expansion mechanism (60)
in the above manner, the low-pressure of the refrigeration cycle may rise
due to switching between the cooling operation and the heating operation
by tlin tighahovesn esfiipeedyefrigerantciFemit (RA) or NaHAHANOfRUISINE @fment
temperature. Under such conditions, since the pressure (the pressure of
(81) tisssdoaraped Soumethefrigeeaetind4p ahd () lnbthertafigeraft@xpandeckin
the expansion chamber (62) becomes smaller than the low-pressure of
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reaches the non-return valve (80). [0102] When the high-pressure
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the non-return valve (80) is pushed toward the expansion chamber (62) 35
refrigerant from the communication pipe (72) into the expansion chamber (62), and thus,
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the expansion mechanism (60) carries out normal operation. Accordingly, the
electric-operated valve (73) of the communication pipe (72) is totally closed under this
qondition. Consequently, since the pressure of the high-pressure refrigerant is not
acted on the valve element (83) of the non-return valve (80) from the inflow port (36)
side, the valve element (83) is in the state of being pushed onto the valve seat (84) by
the pushing force of the coil spring (82) as shown in Fig. 12(B). Therefore, the
refrigerant is prevented from flowing from the expansion chamber (62) into the
communication pipe (72) by the non-return valve (80) when the expansion mechanism
(60} is in normal operation.

[0104] -Effects of embodiment 1

As described hereinbefore, according to the above-mentioned embodiment 1, under the
condition of overexpansion occurring in the expansion chamber (62), the high-pressure

refrigerant which is diverged from the inflow port (37) is introduced from the



by the high-pressure refrigerant as shown in Fig. 12(A). As a result, the
valve element (81) is separated from the valve seat (84), and the
high-pressure refrigerant passes through both elements. After passing
through the circulation holes (85) of tHe support (81), the high-pressure
refrigerant is introduced into the expansion chamber (62). Consequently,
the refrigerant pressure of the expansion chamber (62) rises. This almost
equalizes the pressure of the refrigerant expanded in the expansion

comshatbngGZ)ean) thedew-prpssil ehihae ignaliansygleqitiereby
reducing the above-mentioned overexpansion loss. [0103]On the one

electiznehandted thize¢higefationayelvisaatios it in)thea siHgsant nel Cllilree
(20) under the ideal condition, it is not necessary to inject the
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expansion chamber (62), and thus, the expansion mechanism (60)
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of the communication pipe (72) is totally closed under this condition.
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high-pressure refrigerant which is diverged from the inflow port %@9? PP
(72) frtrodecechfiigrietiievolume of the expansion chamber {62), which resultsin a
reduction in the pressure of the refrigerant in the expansion process as shown in Fig. 14,
Accordingly, when the communication pipe (72) is not provided with the non-return
valve (80), which was conventionally the case, the amount of power recovery is equal to
the area of S1 shown in Fig. 14. On the contrary, when the communication pipe (72) is
provided with the non-return valve (80) as in the present invention, the amount of power
recovery equals to the area of SI plus S2 shown in Fig. 14. That is to say, since the
above-mentioned dead volume is restrained by the non-return valve (80) in the expander
according to the present invention during normal operation with the electric-operated
valve (73) in the state of total closing, it is possible to improve the power recovery
efficiency during normal operation.

[0106] Besides, in the above-mentioned embodiment 1, the non-return valve (80) is

disposed in the communication pipe (72) located inside the cylinder (61) and close to

the expansion chamber (62). Accordingly, it is possible to suppress dead volume from



36 communication pipe (72) into the expansion chamber (62) by opening
the electric-operated valve (73) of the communication pipe (72) to a
predetermined degree of opening. This raises the pressure of the
refrigerant which is expanded in the *éxpansion chamber (62) to eliminate
overexpansion. Thus, it is possible to improve the power recovery
efficiency of the expansion chamber. [0105] On the one hand, when ideal
expansion is carried out in the expansion mechanism (60) and operation
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~hon-return valve (80) is disposed in the communication pipe 7é} located
sincanssideddvel oylinceriftihy anshalose dBamber (72) is reduced as much as possible
by the non-return valve (80) in the present embodiment, it is possible to effectively
improve the power recovery efficiency of the expander.
[0108] <<Embodiment 2>>
Embodiment 2 of the present invention is an example in which the communication pipe
(72) of the expansion mechanism (60) is provided with, instead of the electric-operated
valve (73), the electromagnetically opening/closing valve (75) as shown in Fig. 15
capable of opening and closing for the fluid machinery of embodiment 1. The
above-mentioned control means (74) is configured to open and close the
above-mentioned electromagnetically opening/closing valve (75) at a predetermined
timing under the condition such that overexpansion occurs in the expansion chamber
(62). The other portions of embodiment 2 are configured similarly to those of

embodiment 1 including the above-mentioned backflow prevention mechanism.

[0109] In embodiment 2, when overexpansion occurs, it is possible to eliminate the



the expansion chamber (62). Accordingly, it is possible to suppress dead
volume from 37 occurring in the communication pipe (72) as much as
possible. Besides, in the above-mentioned embodiment 1, the
electric-operated valve (73) is dispos&d in the communication pipe (72)
located outside the cylinder (61). Accordingly, this facilitates external
replacement and maintenance of the electric-operated valve (73), which
has a relatively complicated construction. [0107] Furthermore, in the
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chantb&@ @hypve-mentioned electromagnetically opening/closing valve (75) at a
predetermined timing under the condition such that overexpansion occurs

[0110n k& etpdigian skamber (62). The other portions of embodiment 2 are
configured similarly to those of
Embodiment 3 of the present invention uses, as the circulation control mechanism
provided for the communication pipe (72), the differential pressure valve (76) as shown
in Fig. 16, instead of the electric-operated valve (73) of embodiment ! and the
electromagnetically opening/closing valve (75) of embodiment 2. The differential
pressure valve (76) is operated when predetermined differential pressure occurs between
the pressure of the fluid at the intermediate position during the expansion process of the
expansion chamber (62) and the pressure on the outflow side of the fluid. The
above-mentioned pressure acts directly on the differential pressure valve (76). Alsoin
embodiment 3, the non-return valve (80) is provided as the backflow prevention
mechanism for the communication pipe (72), similarly to the above.
[0111] As shown in Fig. 17, the above-mentioned differential pressure valve (76) is
comprised of a valve case (91) fixed in the passage of the above-mentioned

communication pipe (72), a valve element (92) movably provided in the valve case 91,

and a spring (93) (See Fig. 17(B)) for biasing the valve element (52) in one direction.



embodiment 1 including the above-mentioned backflow prevention
mechanism. [0109] In embodiment 2, when overexpansion occurs, it is
possible to eliminate the 38 condition of overexpansion by opening the
electromagnetically opening/closing ¥alve (75) in the communication pipe
(72) at a predetermined timing, thereby raising the pressure of the
refrigerant of the expansion chamber (62). Also in embodiment 2, at the
time of normal operation with the electromagnetically opening/closing

The valve d#&) @1 theasiol Qi tabelosinhiitis, Ressih c%%éf%%%% (91a) for

refrigerant from flowing from the expansion chamber (62) into the
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Accordingly, also in the present embodiment, it is possible to prevent a

four pegisceipnnnmisthogverihetbevenysiffi cency dyerigin@ tepd yakme of the
expansion chamber (62). [0110] <<Embodiment 3>> Embodiment 3 of

abovimgrignrd yilenabmests) A tndcidispitiod cotiteallosaghpaiaion prayided
7 Aéor the. communication pipe (72), the differential pressure valve (76) as
(AdPRSiHOM F9g clrsinadheAborerBcaliotdd- oparateiteabrepta)e) and to the

embodiment 1 and the electromagnetically opening/closing valve (75) of
openiia 888‘1?%%’&1@5 -ﬁ?é%ﬁa FEHRT) [ @B TR AR EoPB R et tte(fiB) and

.. Aredetermined.differential pressure occurs between the pressure of the
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-mentio

The above pressure acts directly on the differential pressure
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differential pressure valve (76) is
element (92) in the above-mentioned valve case (91). The valve element (92) is
engaged with the housing concave portion (91a) of the valve case (91) and slidably
formed between the above-mentioned closing position and the opening position.
Besides, the valve element (92) has a communication hole (92a) which opens the
above-mentioned communication pipe (72) at the opening position and closes the
comununication pipe (72} at the closing position.
[0113] A first communication pipe (95) for communicating with the expansion process
intermediate position of the expansion chamber (62) and a second communication pipe
(96) for communicating with the outflow port (37), which is on the fluid outflow side,
are connected with the above-mentioned valve case (91). The first communication
pipe (95) is connected with the above-mentioned valve case (91) at the end opposite to
the spring (93), that is, at the end on the opening position side of the valve element {92)

so that the pressure P1 is given from the expansion chamber (62) to the valve element

(92). The second communication pipe (96) is connected with the above-mentioned



comprised of a valve case (91) fixed in the passage of the
above-mentioned communication pipe (72), a valve element (92) movably
provided in the valve case (91), and a spring (93) (See Fig. 17(B)) for
biasing the valve element (92) in ond'tirection. 39 The valve case (91) is
a hollow member in which a housing concave portion (91 a) for slidably
retaining the above-mentioned valve element (92) is formed, and provided
with fogur ports communicating with the housing concave portion (91a).
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valve case (91). The valve element (92) is engaged with the housing
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the above-mentioned closing position and the opening position. Besides,
pressine valve @EBrvani€@2)dras a communication hole (92a) which opens the
above-mentioned communication pipe (72) at the opening position and
[0114)deesipalinemBumitatjdorpipan(FR) diethesiosiRy pdstttosutlad Fok (331,
_ communication pipe (95) for communicating with the expansion process
whiclhie thedgratargissisorf dianeldgpmtisioAvstamtor b2 perida secoraisure P1 in
communication pipe (96) for communicating with the outflow port (37),

the cYRARFIB Chrtreen (9 nd S siire dHFerewsinlaeeserymtreteen both pressure P1

ove-mlentiorghed valve case (913. The first communication )
and P2 grows larger than a predetermined value, the differential pressure valve (76) is

opened. Accordingly, a part of the refrigerant on the inflow side is introduced through
the communication pipe (72) into the expansion chamber (62). As a result, the
pressure in the expansion chamber (62) is raised, thereby eliminating overexpansion.
[0115] On the other hand, when the expansion mechanism (60) is operated under the
ideal condition, no substantial differential pressure is produced between the outflow port
(37) and the expansion chamber (62) of the expansion mechanism (60), and thus the
differential pressure valve (76) is in the closed state.  As shown in Fig. 16, also in
embodiment 3, the non-return valve (80), which is the backflow prevention mechanism,
prevents the refrigerant from flowing from the expansion chamber (62) into the
communication pipe (72). Accordingly, it is possible to reduce the dead volume of the
expansion chamber (62) and carry out operation with a high power recovery efficiency.
[0116] <<Embodiment 4>>

Embodiment 4 of the present invention is a modification of the configuration of the
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pipe (95) is connected with the above-mentioned valve case (91) at the
end opposite to the spring (93), that is, at the end on the opening position
side of the valve element (92) so that the pressure P 1 is given from the
expansion chamber (62) to the valveé’Element (92). The second
communication pipe (96) is connected with the above-mentioned 40 valve
case (91) at the end on the spring (93) side, that is, at the end on the
closing position side of the valve element (92) so that the pressure P2

expdiiodanepiiessurean the orafrigesationyalehis,given fram,the, fiq outflow

side to the valve element (92). Accordingly, when the pressure on the
Spedifiichidwtiieve gidasiisemeataalsthaboerIres e R die.sxpangisnshamper
(62) and larger differential pressure than a predetermined value occurs
confiiaunden teoprdising pidtanty B2 vherdberakayentientionad:difiersnliat
pressure valve (76) is operated. [0114] In embodiment 3, when, for
embedisapld, iheopfimsadePhoswiagnitiowtppet (prewlithestiisints of the
low-pressure of the refrigeration cycle, grows larger than the pressure P1
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will ggﬁrgreﬁ?s#re P1 and P2 grows larger than a predetermined value, the
feTentia pressure valve (76) is opened. Accordingly, a part of the

frigerant on the inflaw side is introduced through the communication
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nsi r(62).is rai thereby eliminating overexpansion.,
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in thotHiadRxpansiRosnRehanisibsahheand thus the differential pressure valve

(76) is in the closed state. As shown in Fig. 16, also in embodiment 3, the
[0118iCFheathonevalveti@d w55 5he paotdloMPIRY SRR IHSAO AN TF the
cylinder (61) in a state of free insertion and removal. The blade (66) is biased by a
spring, not shown, and its tip (lower end in Fig. 18) is pushed onto the outer
circumference of the piston (65). As sequentially shown in Fig. 19 (with the backflow
prevention mechanism (80) omitted), even when the piston (65) moves in the cylinder
(61), the blade (66) moves vertically through the blade groove (68) so that the tip of the
blade (66} is kept in contact with the piston (65). By pushing the tip of the blade (66)
onto the circumferential surface of the piston (63), the expansion chamber (62) is
partitioned into the high-pressure side and the low-pressure side.

[0119] Also in embodiment 4, the inflow port (36) and a position of the expansion
chamber (62) during the suction/expansion process are connected by the communication
pipe (72), and the communication pipe (72) is provided with the electric-operated valve

(73).  Therefore, when the expansion mechanism {60) 1s expanded excessively, since a

part of the refrigerant on the inflow port (36) side can be introduced into the expansion



prevents the refrigerant from flowing from the expansion chamber (62) into
the communication pipe (72). Accordingly, it is possible to reduce the
dead volume of the expansion chamber (62) and carry out operation with
a high power recovery efficiency. [0#36] <<Embodiment 4>> Embodiment
4 of the present invention is a modification of the configuration of the 41
expansion mechanism (60) according to the above-mentioned
embodiment 1. Specifically, the expansion mechanism (60) of the

chamabev@2netitabedeamedine ol dissanfigusd msdhe gsgillating piston

type, whereas the expansion mechanism (60) of embodiment 4 is
[01269Migeedt aslte switi gistan tyREe heradifareatBoNYS QMRS is the
expansion mechanism (60) of embodiment 4 from the above-mentioned
backélpwauimentianwittdberdanciiyedy{8dd Zods ShOwe:ipahigor 8hdfhber (62) than
embodiment 4, the blade (66) is formed separately from the piston (65).
to thy glgcisicoopayatdevplsei 356) thecomimgizaivhqdimeray isformamhiny, the
. form of simple annular ring or cylinder. Besides, the blade groove (68) is
during hosaal PRSEAEPRTIER (B3 FlestordingratedmibodifTahimHO 18] Fhetal closing,
" aboye-mentioned blade (66) is provided in the blade groove (68) of the
s %%’/‘fﬁ%\% r Bt &ﬁt@%ﬁ?’@é“ir&gﬂﬂﬁ% feribibe cxnenbladcl@shis (62)

; jased by a _spring, nof_showp, and its tip (lower end in Fig, 18) is pushed
o B SRR R asad Sk sclaian Speniom

| wit flow_prevention.mechanism (80) omitted), even
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the exgggggﬂyrﬁy@}éggﬁp?ﬁmade groove (68) so that the tip of the blade (66) is
kept in contact with the piston (65). By pushing the tip of the blade (66)

[012 Dntechisteidemafesestial surface of the piston (65), the expansion chamber
62) is
Embc(Jdizz'lent 5 of the present invention is a modification of the configuration of the
expansion mechanism (60) according to the above-mentioned embodiment 1.
Specifically, the expansion mechanism (60) of the above-mentioned embodiment 1 is
configured as the oscillating piston type, whereas the expansion mechanism (60) of
embodiment 5 is configured as the scroll type. Besides, whereas the fluid machinery
of embodiment 1 is horizontally long, which is what is called the horizontal type, as
shown in Fig. 2, the fluid machinery of embodiment 5 is vertically long, which is what
is called the vertical type, obtained by turning the fluid machinery of embodiment 1 by
90° (by turning it in counterclockwise direction by 90°in Fig. 2). Here different points
of the expansion mechanism (60) of embodiment 5 from the above-mentioned
embodiment 1 will be described. 1t is noted that “upper” and “lower” used in the
following description by referring to Fig. 20 respectively stand for “upper” and “lower”

in Fig. 20.

[0122] As shown in Fig. 20, the expansion mechanism (60) is equipped with an upper



partitioned into the high-pressure side and the low-pressure side. [0119_]
Also in embodiment 4, the inflow port (36) and a position of the expansion
chamber (62) during the suction/expansion process are connected py the
communication pipe (72), and the céfmunication pipe (72) is proylded
with the electric-operated valve (73). Therefore, when the expansion
mechanism (60) is expanded excessively, since a part of the_refrlgerant
on the inflow port (36) side can be introduced into the expansion 42

framet@bdi(@Dip the abioyeEnRntinned Y6 HRECARESIRIRAIGY (131),

[0120] Moreover, also in embodiment 4, the non-return valve (80), Whic_h
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chamber (62) than to the electric-operated valve (73) in the _ _
[0128bin fhiedserbida 2y 2) spppedingty, adiring metinalfoparsidorwithiihe135),
electric-operated valve (73) in the state of total'closing, it is possible tq
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., the.. icat] ipe (72) and thus reduce the dead volume of the
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ffici f ansion mechanism (60). [0121 ]
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Besides, whereas the fluid machinery of embodiment
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fluid machinery of embodiment 5 is vertically long, which is what
movable scroll (134) (See Fig. 21). Specifically, the space sandwiched between the
inner side of the fixed side lap (136) and the outer side of the movable side lap (138)
constitutes a chamber A (62a) as 2 first expansion chamber. On the other hand, the
space sandwiched between the outer side of the fixed side lap (136) and the inner side of
the movable side lap (138) constitutes a chamber B (62b} as a second expansion
chamber.
[0124] As shown in Fig. 20, a scroll joining portion (118) is formed on the upper end of
the shaft (45). In the scroll joining portion (118), a joining hole (119) is formed at a
position eccentralized from the center of rotation of the shaft (45). In the movable
scroll (134), a joining shaft (139) is protrusively provided on the back side (lower side
in Fig. 20) of the movable side end plate (137).  The joining shaft (139) is rotatably
supported by the joining hole (119} of the scroil joining portion (118). The scroll

joining portion (118) of the shaft (45) is rotatably supported on the upper frame (131).

[0125] The inflow port (36) and the outflow port (37) are formed on the fixed scroll



is called the vertical type, obtained by turning the fluid machinery of
embodiment 1 by 90 (by turning it in counterclockwise direction by 90 in
Fig. 2). Here different points of the expansion mechanism (60) of
embodiment 5 from the above-mentished embodiment 1 will be
described. It is noted that "upper" and "lower" used in the following
description by referring to Fig. 20 respectively stand for "upper" and
"lower" in Fig. 20. [0122] As shown in Fig. 20, the expansion mechanism

(32460 ctippgd w Bsppsmpantidiamedia iXedde e e @l o
fixed scroll (132) fixed to the upper frame (131), a movable scroll (134)
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. scroll (132) is equipped with a flat-plate-like fixed side end plate (135),

mnenpidescs herivslisikefixed s laptdaG)phevided vidically o6y therfront
face (lower side in Fig. 20) of the fixed side end plate (135). On the other
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side %&% plate (137), and a_spiral-wall-like movable side lap (138)
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.side end plate (137). In the expansion mechanism (60), a plurality of fluid
pom%ﬂﬁrﬁ&ﬁ@iﬁéﬁ! Q:ﬁ@mbers) (62a,62b) are formed by engaging the
' ide lap, (136) of the fixed scroll (132) with the movable side lap
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expansion chamber.

(72) diverged from the inflow port (36) and two communication pipes (72a,72b)
diverged further from the main communication pipe (72).

[0127] The two diverging communication pipes (72a,72b) pass through the fixed side
end plate (135) in the thickness direction. ~ Among these two communication pipes
(72a,72b), the communication pipe communicating with the above-mentioned chamber
A (62a) constitutes a chamber A communication pipe (72a), and the communication
pipe communicating with the above-mentioned chémber B (62b) constitutes a chamber
B communication pipe (72b).  On the front of the fixed side end plate portion (135),
the chamber B communication pipe (72b) opens in the vicinity of the outer side of the
fixed side lap (136) at the position proceeding by approximately 360° from the winding
start end along the fixed side lap (136), and the chamber A communication pipe (72a)
opens in the vicinity of the inner side of the fixed side lap (136) at the position

proceeding by further approximately 180° from the foregoing position along the fixed

side lap (136).



[0124] As shown in Fig. 20, a scroll joining portion (118) is formed on the
upper end of the shaft (45). In the scroll joining portion (118), a joining
hole (119) is formed at a position eccentralized from the center of rotation
of the shaft (45). In the movable scrofl (134), a joining shaft (139) is
protrusively provided on the back side (lower side in Fig. 20) of the
movable side end plate (137). The joining shaft (139) is rotatably
supported by the joining hole (119) of the scroll joining portion (118). The

[0128¢ Bdkijhinitig pbﬁﬁ@ﬁx{&ﬂt&)&ﬁ%ﬁiﬁ%ﬁﬁﬁhi@a&%ﬁé@%&’ @pRoRedialithgm
upper frame (131). [0125] The inflow port (36) and the outflow port (37)
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through the fixed side end plate (135) in the thickness direction, and the
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communication pipe communicating with the above-mentioned ch er
the refrigerant from circulating from the expansion chamber (622,62b) to the
communication pipe (72). That is, both non-return valves (80) are configured to
prevent the refrigerant from flowing from the expansion chamber (62a,62h) into the
communication pipe (72).
[0129] <Operation of expansion mechanism>
Next, the operation of the expansion mechanism (60) will be described by referring to
Figs. 20 and 22.
[0130] In Fig. 22, the condition such that the winding start side end portion of the fixed
side lap (136) has contact with the inner side of the movable side lap (138), and the
winding start side end portion of the movable side lap (138) has contact with the inner
side of the fixed side lap (136) is taken as reference 0°.
[0131] The high-pressure refrigerant introduced into the inflow port (36) flows into one

space sandwiched between the winding start vicinity of the fixed side lap (136) and the

winding start vicinity of the movable side lap (138), and the movable scroll (134)



A (62a) constitutes a chamber A communication pipe (72a), and the
communication pipe communicating with the above-mentioned chamber
B (62b) constitutes a chamber B communication pipe (72b). On the front
of the fixed side end plate portion (1@%), the chamber B communication
pipe (72b) opens in the vicinity of the outer side of the fixed side lap (136)
at the position proceeding by approximately 360 from the winding start
end along the fixed side lap (136), and the chamber A communication

accopipeiif 2ahtapenyiedhe vty dfdhetiner side:oh tharixest sida ¥y (136)
at the position proceeding by further approximately 180 from the
becofore g6 apdsitidrsplongethirfinadcisidedap{i6h 4k J0krB}Besiday, the
above-mentioned main communication pipe (72) is provided with the
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~regulating the flow rate of the high-pressure refrigerant from the inflow
into the ehanspes 416 2ahe0d thoshroneer BfRiibniohaindied.(62). Moreover, in
he vicinity of the expansion chamber (62) on the chamber A
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both non-return valves (80) are configured'to prevent the refrigerant from
chamftenin gibMsthel expiansien sh a3 1P 282 Biad e OMRNLINGAIoN
(62a)p<l:g;g11213icates with the inflow port (37) while the angle of rotation of the movable
scroll (134) changes from 1020° to 1080°, and then, the refrigerant in the chamber A
(62a) is fed to the outflow port (37).
[0133] In the expansion mechanism (60) with the above-described configuration, when
the expansion chamber (62a,62b) expands excessively, the electric-operated valve (73)
of the main communication pipe (72) shown in Fig. 20 is opened to a predetermined
degree of opening.  As aresult, the high-pressure refrigerant diverged from the inflow
port (36) to the main communication pipe (72) is introduced via the chamber A
communication pipe (72a) into the chamber A (62a), and at the same time, the
refrigerant is also introduced via the chamber B communication pipe (72b) into the
chamber B (62b).  This raises the pressure of the refrigerant expanded in both
expansion chambers (62a,62b), thereby eliminating overexpansion in the expansion

chamber (62).

[0134] On the one hand, when normal operation of the expansion mechanism (60) is



[0129] <Operation of expansion mechanism> Next, th_e operat_ion of the
expansion mechanism (60) will be described by referrllng to Flgs. 20 and
22.[0130] In Fig. 22, the condition such that the Wlndlng start §|de end
portion of the fixed side lap (136) ha¥’contact with the inner side of the
movable side lap (138), and the winding start side end portion of the_
movable side lap (138) has contact with the inner side of the f|>_<ed side
lap (136) is taken as reference 0. [0131] The high-pressure refrigerant
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chamber A (62a), the chamber B (62b) and the inflow port (36), so that
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chamber B (62b) is terminated. [0132] Then, the refrigerant expands
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accordingly rotates. The volume of the chamber A (62a) and the
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deadthehoub]awinggti€Pbhsible to improve the power recovery efficiency of the
positive displacement expander.

[0135] <<Embodiment 6>>

Embodiment 6 of the present invention is a modification of the configuration of the
expansion mechanism (60} according to the above-mentioned embodiment 1.
Specifically, the expansion mechanism (60) of the above-mentioned embodiment 1 is
configured as the single-layer oscillating piston type, whereas the expansion mechanism
(60) of embodiment 6 is configured as the double-layer oscillating piston type.
Besides, whereas the fluid machinery of the above-mentioned embodiment 1 is
horizontally long, which is what is called the horizontal type, as shown in Fig. 2, the
fluid machinery of embodiment 6 is vertically long, which what is called the vertical
type, configured by turning the fluid machinery of embodiment 1 by 90° (by turning it
in the counterclockwise direction by 90° in Fig.2). Here different points of the

expansion mechanism (60) of the present embodiment from the above-mentioned

embodiment 1 will be described. It is note that the terms “upper” and “lower” used in



[0133] In the expansion mechanism (60) with the above-described
configuration, when the expansion chamber (62a,62b) expands
excessively, the electric-operated valve (73) of the main communication
pipe (72) shown in Fig. 20 is openedd'fgo a predetermined degree of
opening. Asa result, the high-pressure refrigerant diverged from the inflow
port (36) to the main communication pipe (72) is introduced via the
chamber A communication pipe (72a) into the chamber A (62a), and at

the ik sameltineptia vefigara is Bigojﬂtf@ﬂié@ﬁdé!tastﬁﬁﬂ‘&@%eﬁ’ and
communication pipe (72b) into the chamber B (62b). This raises the
“lowsr8gsiig.Fxhe refrigerant expanded in both expansion chambers
(62a,62b), thereby eliminating overexpansion in the expansion chamber
(0138 Xwotesz) Gampistorrs drdrid patiemanGioast @iperatimmoédhe expapsievnd
.. mechanism (60) is 47 carried out, the electric-operated valve (73) turns
side o henbalidSd Piohs ersamessTéemsibaaitGAmufedion thipki@a)
and the chamber B communication pipe (72b) are each provided with the
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a) and the chamber B (62b) from flowing into the communication pipe
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Outside diameter of the second large diameter eccentric portion {(46b) is larger than the
outside diameter of the first large diameter eccentric portion (46a). Besides, the

second large diameter eccentric portion (46b) has a larger amount of eccentricity
relative to the shaft center of the main spindle portion (48) than the first large diameter
eccentric portion (46a).

{0137] The expansion mechanism (60} is what is called a double-layer oscillating piston
type fluid machinery. The expansion mechanism portion (60) is provided with two

sets of cylinder (61a,61b) and piston (652,65b) in pairs. Besides, the expansion
mechanism (60) is provided with a front head (63), an intermediate plate (101), and a
rear head (64).

[0138] In the above-mentioned expansion mechanism (60), the front head (63), a first
cylinder (61a), the intermediate plate (101), a second cylinder (61b), the rear head (64)

are stacked sequentially from bottom to top in Fig. 23.  Under this condition, the lower .

side end face of the first cylinder (61a) is blocked by the front head (63), and the upper



Embodiment 6 of the present invention is a modification of the
configuration of the expansion mechanism (60) according to the
above-mentioned embodiment 1. Specifically, the expansion mechanism
(60) of the above-mentioned embodfiflent 1 is configured as the
single-layer oscillating piston type, whereas the expansion mechanism
(60) of embodiment 6 is configured as the double-layer oscillating piston
type. Besides, whereas the fluid machinery of the above-mentioned

side efabradimaemdlissthotizaniallydpnoswdich @Wﬁ%&ﬂ@%@}%%f@i}a‘ On
type, as shown in Fig. 2, the fluid machinery of embodiment 6 Is vertically

the dieg hathicthwhaids sededdTacverticel skupad confiaure61iny wpnRgdne fiuid

machinery of embodiment 1 by 90 (by turning it in the counterclockwise
interdiedtioplaye 400h)Figd 2)chipperdifferent priatst aidhecaPayisia®r (61b) is
mechanism (60) of the present embodiment from the above-mentioned
blockadbudimerearihedtl ettlesthibetsideidianisdhaf the terond tylipdet 66kb) is
"lower" used in 48 the following description by referring to Fig. 23
largerdtiga dhvdnridmpiamstenphidie frsdcyiduiss (0 Blg. 2d0feda6] thwoddics
diameter eccentric portions (46a,46b) are formed on the upper end side

thickgeth @sibsreasybetHacs ihssibrrex saanstbn linkpeey of funfostiesliadge

(Gladiameter eccentric portions (46a,46b) are formed so that each diameter is
?arger than that of the main spindle portion (48). Among the two large

' t tri ti 46b), which di tically, th
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. g lameter eccentric
cylinperiienaf4 e isdagenthRft @ameter eccentric portion {46b) of the shaft (45) is
located in the second cylinder (61b).
[0140] As shown in Figs. 24 and 25, a first piston (65a) is provided in the first cylinder
(61a), and a second piston (65b) is provided in the second cylinder (61b). Both the
first piston and the second piston (65a,65b) are formed in the form of a circular ring or
cylinder. The outside diameter of the first piston (65a) is equal to the outside diameter
of the second piston (65b).  The inside diameter of the first piston (65a) is
approximately equal to the outside diameter of the first large diameter eccentric portion
(46a), and the inside diameter of the second piston (65b) is approximately equal to the
outside diameter of the second large diameter eccentric portion (46b). The first large
diameter eccentric portion (46a) passes through the first piston (652a), and the second
large diameter eccentric portion (46b) passes through the second piston (65b).

[0141] The outer circumference of the above-mentioned first piston (652) has

sliding-contact with the inner circumference of the first cylinder (61a). One end face



outside diameter of the first large diameter eccentric portion (46a).
Besides, the second large diameter eccentric portion (46b) has a larger
amount of eccentricity relative to the shaft center of the main spindle
portion (48) than the first large diaméfer eccentric portion (46a). [01_37]_
The expansion mechanism (60) is what is called a double-layer oscnl_atlng
piston type fluid machinery. The expansion mechanism portion (GQ) is
provided with two sets of cylinder (61a,61b) and piston (65a,65b) in pairs.

of t1B3aBiclasisihe @SRARSIANIMELRANSIHLEONIS H@l\fiﬂ@&h}@[}o%§gq{gq%§gr end

(63), an intermediate plate (101), and a rear head (6

faceatfaire feniionadess aasianmeCHARisM @M B AR NERD B ISt 1y
cylinder (61a), the intermediate plate (101), a second cylindér (61b), the
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Under this condition, the lower side end face of the first cylinder (61a) is
champseisdynvebironmendbel (68, dnditiferappe o Athesitte: enlintasq Ofdhenfiraie
cylinder (61a) is blocked by the intermediate plate (101). O_n the other
outep gifgupisTRNe cEide BritTitenddfi®.second cylinder (61b) is blocked by
the intermediate plate (101), and the upper side end face o.f.the second
[01 @lﬁ%aé??@ilbﬁ)f@%@@eﬁw e vEHPITese 16 Hhe Thevmsidetitiarreteood the
.. se linder (61b) is larger than the inside diameter of the first
pistc ) Rt D S BB HRREGE e S ongoes idir
610 is larger thap the thickness of %% fiyst cylinder (61 a). [0139] The
T o A e R TR eR R %@%g&atﬁwzm%a;mez?ad
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(64)’%2% ggéa%g%%%%i%&ec%g} aré%é‘i%dlg ép ést?eorg1 ecce St%és psqolﬁllroy% BB OrHE BRaft
interfA&diitd Qa1 e i dle second cylinder (61b), the second fluid chamber (62b),
which is a part of the expansion chamber, is formed between the inner circumference of
the second cylinder (61b) and the outer circumference of the second piston (65h).
[0143] The above-mentioned first and second pistons (652,65b) are integrally provided
with the blades (66a,66b), respectively. The blades (66a,66b) are formed in the form
of a plate extending in the radial direction of the pistons (652,65b) and project outwards
from the outer circumference of the pistons (65a,65b).
[0144] The above-mentioned cylinders (61a,61b) are provided with a pair of bushes
(67a,67b). The bushes (67a,67b) are small pieces formed so that the inner side is a
flat plane and the outer side is a circular plate. The pair of bushes (67a,67b) are
disposed so as to hold the blades (66a,66b) in between. The inner side of each of the
bushes (67a,67b) slides against the blades (66a,66b) and the outer side of each of the
bushes (67a,67b) slides against the cylinder (61a,61b). The blades (66a,66b), which
are integral with the pistons (65a,65b), are supported by the cylinder (61a,61b) through

the bushes (67a,67b) and rotatably advance and retract freely against the cylinder



cylinder (61a), and the second large diameter eccentric portion (46b) of
the shaft (45) is located in the second cylinder (61 b). [0140] As shown in
Figs. 24 and 25, a first piston (65a) is provided in the first cylinder (61a),
and a second piston (65b) is providefb1 in the second cylinder (61b). Both
the first piston and the second piston (65a,65b) are formed in the form of
a circular ring or cylinder. The outside diameter of the first piston (65a) is
equal to the outside diameter of the second piston (65b). The inside
(61agiameter of the first piston (65a) is approximately equal to the outside
diameter of the first large diameter eccentric portion (46a), and the inside
[0146jamaterfbfitheéanbon(h pigtoniieFhlis dbptoxitaiply eauabiedhs sutside
diameter of the second large diameter eccentric portion (46b). The first
bladddife) dizinivdtés etegntridihattionr (4 ) qaéstes thrbuBiy tRS, firsirpiston
__(65a), and the second large diameter eccentric portion (46b) passes
highpressyre hasben A pton {Bshigliorasgurhe duie teintehoietbabeicidbef the
above-mentioned first piston (65a) has sliding-contact with the inner
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inner circumference of the second cylinder (61b). One end face of t

low-5REQNE PIBIABAGI 03 PRSSfiNG-apiasiwifadhe reardaearHbAneddng the
other end face of the second piston (65b) has sliding-contact with the
second blade (66b). :
[0146] As shown in Fig. 23, the inflow port (36) is connected with the above-mentioned
first cylinder (61a). The inflow port (36) is formed in the front head (63) and
constitutes an introduction path.  The end of the inflow port (36) opens slightly on the
left side of the bush (67a) in Fig. 24 on the inner circumference of the first cylinder
(61a). The inflow port (36) can communicate with the first high-pressure chamber
(102a) (that is, on the high-pressure side of the first fluid chamber (62a)). On the
other hand, the outflow port (37) is formed in the above-mentioned second cylinder
(61b). The outflow port (37) opens slightly on the right side of the bush (67b) in Fig.
24 on the inner circumference of the second cylinder (61b).  The outflow port (37) can
communicate with the second high-pressure chamber (103b) (that is, on the
low-pressure side of the second fluid chamber (62b)).

[0147] A communication path (70} is formed in the above-mentioned intermedijate plate

(101). The communication path (70) is formed so as to pass through the intermediate



intermediate plate (101). In the second cylinder (61b), the second fluid
chamber (62b), which is a part of the expansion chamber, is formed
between the inner circumference of the second cylinder (61b) and the
outer circumference of the second piston (65b). [0143] The
above-mentioned first and second pistons (65a,65b) are integrally
provided with the blades (66a,66b), respectively. The blades (66a,66b)
are formed in the form of a plate extending in the radial direction of the

plateQiBIENS (OhalRSh)and g djechruiwalas Jlor (TR putehsifuiaenas of a)
the pistons (65a,65b). [0144] The above-mentioned cylinders (61a,61b)

side,anee providetewimarpaicationyshie $7§H dachidlon THearlptiskels (FThctTs) blgle
small pieces formed so that the inner side is a flat plane and the outer
(66akidis theiatiar pibitks Therpaitiabiplatedd (B arothis)sacendisplista i2hE side,
to hold the blades (66a,66b) in between. The inner side of each of the
the opfpssad (d TacermyBraicsteanmh €78 hragas gaahedel)sidwrfitbomersiddade
of each of the bushes (67a,67b) slides against the cylinder (61a,61b).
(66b)rp T remppicatey, e RO brs iy pRlRA HE Pistrrkrosadbassiorel
h . supported by th indeﬁﬁglaﬁlb through the bushes (67a,67b) and
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irst flui er (62a).in the first cylinder (6 ' titioned
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the s6RHNPREA LA3ALENEHpW-pressure side is located on the right side of
the first blade (66a). A second fluid chamber (62b) in the second cylinder
[014€6 Myricopartitieneehbiihensea@ist iEria s 66 whichiis Itegral Withdthge1a)

second piston (65b). In Fig. 25, a second high-pressure chamber (102b)
as showthe Figs. 23 and 24.  The communication pipe (72) diverges from the inflow
port {36) and communicates with the first fluid chamber (62a), which is a part of the
expansion chamber. The commuﬁication pipe (72) is formed inside the front head (63),
extends from the outer circumference of the casing (31) toward the shaft (45), and then
bends upward so that the opening at the end of the communication pipe (72) faces the
inside of the first cylinder (61a). The opening of the communication pipe (72) is
located near one opening of the above-mentioned communication path (70) in the first
cylinder (61a).
[0149] Similarly to the above-mentioned embodiment, the communication pipe (72) is
provided with the electric-operated valve (73) as the circulation control mechanism and
the non-return valve (80) as the backflow prevention mechanism. The
electric-operated valve (73) is configured to regulate the amount of refrigerant

introduced from the above-mentioned communication pipe (72) into the first fluid

chamber (62a) by adjusting the degree of opening of the electric-operated valve (73).



high-pressure side is located on the left side of the second blade (66b),
and a second low-pressure chamber (103b) on the low-pressure side is
located on the right side of the second blade (66b). [0146] As shown in
Fig. 23, the inflow port (36) is connected with the above-mentioned first
cylinder (61a). The inflow port (36) is formed in the front head (63) and
constitutes an introduction path. The end of the inflow port (36) opens
slightly on the left side of the bush (67a) in Fig. 24 on the inner

On thiyoutieferenicenelibe fifsh e YMAers (P k) Fhaato W P53t aRion ipe (72)
e

communicate with the first high-pressure chamber (102a) (that is, oﬁ
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the outflow port (37) is formed in the above-mentioned second cylinder
(72)(6 I Ttremutfionapor(§8Y)sepefigskghiypan the tight Siderafte HuShving

(67b) in Fig. 24 on the inner circumference of the second cylinder (61b).
fromthe Grstrbwdphanidey (edn)cominiuisieaterivifititheqecoih kighnpeesstoehe

chamber (103b) (that is, on the low-pressure side of the second fluid
CGm@H&Hﬁ&WQZﬁ)& 147] A communication path (70) is formed in the

ove-mentioned intermediate plate (101). The communication path (70)
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A8 85 Toe SALenR B s T mediate 52 plate (101). On the
surface of the intermediate plate (101) on the first cylinder (61a) side, one
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desclade (66a). On the surface of the intermediate plate (101) on the second
cylinder (62b) side, the other end of the communication path (70) opens
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extends obliquely in the thickneSs direction e intermediate pFa
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to Fig. 25. In Fig. 25, depiction of the communication pipe (72), the electric-operated
valve (73), and the non-return valve (80) is omitted.

[0152] When the shaft (45) slightly turns from the 0° state for the angle of rotation, the
contact position of the first piston (65a) and the first cylinder (61a) passes through the
opening of the inflow port (36), so that the high-pressure refrigerant begins to flow from
the inflow port (36} into the first high-pressure chamber (102a). Then, as the angle of
rotation of the shaft (45) gradually grows larger such as 90°, 180°, and 270°, the
high-pressure refrigerant flows into the first high-pressure chamber (102a). The
high-pressure refrigerant continues to flow into the first high-pressure chamber (102a)
until the angle of rotation of the shaft (45) reaches 360°,

[0153] Next, the process in which the refrigerant expands in the expansion mechanism
(60) will be described by referring to Fig. 25.  When the shaft (45) slightly turns from

0° state for the angle of rotation, both the first low-pressure chamber (103a) and the

second high-pressure chamber {102b) turn into the state of communication with the



(62a)) and a second high-pressure chamber (102b) (that is, on the
high-pressure side of the second fluid chamber (62b)). [0148] Moreover,
the communication pipe (72) is connected with the first cylinder (61a) as
shown in Figs. 23 and 24. The comnidnication pipe (72) diverges from the
inflow port (36) and communicates with the first fluid chamber (62a),
which is a part of the expansion chamber. The communication pipe (72)
is formed inside the front head (63), extends from the outer circumference

comﬁﬁﬂi@@ﬁﬁi@@t@@h}?w%ﬁ%ﬂgﬁaﬁ%ﬁﬁgt@%w%@ﬂﬁfﬂé’ﬁ%‘iqcﬁﬁ?ﬁ&ts e

the opening at the end of the communication pipe (72) faces the inside o
chanther f(idt3aylindke (da)d Bighqpesniog ehtieLeoMUMK)ICAABDREKE 2L e of
located near one opening of the above-mentioned communication path
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embodiment, the communication pipe (72) is provided with the
of the Bt wpuestseevlivn7ei188 ahereitval btimd corntraldniechanism @npe the
non-return valve (80) as the backflow prevention mechanism. The
Seco ReRgpeiaehomber (9PR) cndipn Fedisosrelglimerteaiamouritsof result, the
refrigerant introduc%g%rom the above-mentioned communication pipe
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expa@NPARSItR FRACRaRIR S tatably drives the shaft (45).  Thus, the refrigerant in the
first low-pressure chamber (103a) flows through the continuous passage (70) into the
second high-pressure chamber (102b) while expanding.

[0154] Then, the process in which the refrigerant flows from the second low-pressure
chamber (103b) of the second cylinder (61b) will be described by referring to Fig. 25.
In the second low-pressure chamber (103b), the refrigerant begins to communicate with
the inflow port (37) when the angle of rotation of the shaft (45)1s 0°. That is, the
refrigerant begins to flow from the second low-pressure chamber (103b) into the
outflow port (37). Then, as the angle of rotation of the shaft (45) gradually grows
larger such as 90°, 180°, 270°, the low-pressure refrigerant after expansion flows from
the second low-pressure chamber (103b) unti! the angle of rotation reaches 360°.
[0155] In this expansion mechanism (60), when overexpansion occurs in the expansion
chamber (62), the electric-operated valve (73) in the communication pipe (72) shown in

Fig. 24 is opened to a predetermined degree of opening.  As a result, the high-pressure

refrigerant diverged from the inflow port (36) into the communication pipe (72} is



Next, the operation of the expansion mechanism (60) of embodiment 6 will
be described. [0151] First, the process in which the high-pressure
refrigerant flows into the first high-pressure chamber (102a) of the first
cylinder (61a) will be described by reférring to Fig. 25. In Fig. 25,
depiction of the communication pipe (72), the electric-operated valve (73),
and the non-return valve (80) is omitted. [0152] When the shatft (45)
slightly turns from the O state for the angle of rotation, the contact position
introdfithe finst thistost (65apapchibelisiey/ndsh (6t A LASSRFIRMRUISTNE Then
opening of the inflow port (36), so that the high-pressure refrigerant begins
the prosiow frotine thiigetent, ydric{BB) drpartediitsohightheeasutechasshes
(102a). Then, as the angle of rotation of the shaft (45) gradually grows
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. first high-pressure chamber (102a). The high-pressure refrigerant
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ngle of rotation of the shaft (45) reaches 360. [0153] Next, the process in
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first low-pressure chamber (103a) gradually reduces and the volume o
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time. As a result, the '

chamber (62a) from becoming dead volume of the expansion chamber (62). Thus,

also in embodiment 6, it is possible to prevent a reduction in the pressure in the

expansion chamber (62) due to dead volume, and improve the power recovery

efficiency of the positive displacement expander.

[0157] <<Another embodiment>>

In connection with the above-mentioned embodiments, the present invention may be

configured as follows.

[0158] In the above-mentioned embodiments, description has been made of the

compression/expansion unit (30) which is equipped with the expansion mechanism (60),

the compression mechanism (50), and the motor (40) provided in the single casing (31).

The present invention may be applied to an expander formed separately from the

COMpressor.

{01597 In the above-mentioned embodiment 1, the non-return valve as shown in Fig. 12

is provided as the backflow prevention mechanism (80). However, for example,



volume of the expansion chamber (62) gradually increas_es. Thg volume of
the expansion chamber (62) continues to increase until immediately
before the angle of rotation of the shaft (45) reaches 360. In the course of
the increase in the volume of the expénsion chamber (62), the refr!gerant
in the expansion chamber (62) expands. The expansion of_the refrigerant
rotatably drives the shaft (45). Thus, the refrigerant in the first
low-pressure chamber (103a) flows through the contlnuous passage (70)
simiim@ythﬁezﬁﬁgﬁﬁﬁjem@]'@ﬁ%ﬁ%ﬁrﬁh@ﬂge&)%ﬁgggd%@{ eelxé%%nvcgﬁ%'a[sos]h%ﬂn in

Then, the process in which the refrigerant flows from the second
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described by referring to Fig. 25. In the second !ow-pressu e chamber
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when the angle of rotation of the shaft (45) is 0. That is, the rgfrlgerant
non{seiyms/edvitow shomrtie Becahanonbpresslyg-ahambery193Rpno1he ¢.
outflow port (37). Then, as the angle of rotation of the shqft (45) gradually
Thugyibgbarkiler sierraioonedondvo (863 tosy-beassifigueltigesaptadioter
expansion flows from the second onv-pressurg chamber (103b)_ until the .
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. n overexpansion occurs in the expansion chamber (62), the o
plpei@itric-operated valve (73) in the communication pipe (72) shown in Fig.
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employed that as shown in, for example, Fig. 28, in the communication pipe (72} in the
vicinity of the expansion chamber (62), the electric-operated valve (80) is disposed

~ instead of the non-return valve in embodiment 1 with the electric-operated valve (73)
shown in Fig. 4 omitted. In this conﬁguration, it is possible to regulate the amount of
refrigerant from the communication pipe (72) to the expansion chamber (62) by opening
the electric-operated valve, which also serves as the backflow prevention mechanism
(80), to a predetermined degree of opening, thereby eliminating overexpansion. On
the other hand, when the electric-operated valve as the backflow prevention mechanism
(80) is cut off, the refrigerant is stopped from supplying from the communication pipe
(72) to the expansion chamber (62) and normal operation is performed. Here, since the
refrigerant is prevented from flowing from the expansion chamber (62) to the
communication pipe (72) when the electric-operated valve as the backflow prevention

mechanism (80) is closed, it is possible to effectively reduce the dead volume of the



[0156] On the other hand, when the expansion mechanism (60) is in
normal operation, the electric-operated valve (73) is in the state of total
closing. Similar to the above-mentioned embodiment, the communication
pipe (72) is provided with the non-retlirn valve (80). Accordingly, the
refrigerant is prevented from flowing from the first fluid chamber (62a) into
the communication pipe (72). This prevents the space from the
electric-operated valve (73) in the communication pipe (72) to the first fluid
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(62). Thus, also in embodiment 6, it is possible to prevent a‘reduction in
prevénetheessuteiin theheypassiebosaayiTaEIGR) R tg dratl yokune,and
improve the power recovery efficiency of the positive displacement
Besidsgpamties. odbgiratidmather esiigidicoaniaetit cannacian Mitbdheboth as
above-mentioned embodiments, the present invention may be configured
the cigguighisws o188 he i b eve theebaidifdrembasitoantscHescrption hRs
been made of the compression/expansion unit (30) which is equipped
possiplerferHe s dhemrhecofamsmiosthe ehearsinpressiomisre¢honism (50),
and the motor (40) provided in the single casing (31). The present
invention may be applied to an expander formed separately from the

compressor. [0159] ]%Iigs ve-mentioned embodiment 1, the non-return
valve as shown in FIg. Hroticdd A GHABIL AT W prevention

' ). Howeyer, for example,.56 similarly fo embodiment 5, a

016 o‘%‘ﬁ‘g%%@\?g%\%e %E:)Or‘ﬁ%rlsgop of the rl'%g%fq\t}gf\llésagsg A POy e o8 hiagegeent
mgggglg)?%qlp sdhehagkfl ' anism,(80). When, for

P example, tEe comﬁ%i%gﬁggﬂ%S% orme (i}ﬁ 51%1 F%%P I%ﬂé)gvc?]bf’vlléeé’r the

high-pRAGuIOEuid expands, and fluid machineries equipped with the expanders.



non-return valve as shown in Fig. 27 may be employed similarly to
embodiment 6. Thus, the backflow prevention mechanism (80) may be
configured in any manner according to the configuration of the expansion
mechanism (60) and the communicafidn pipe (72). [0160] In the
above-mentioned embodiments, the circulation control mechanisms
(73,75,76) and the backflow prevention mechanism (80) are separately
configured. However, the backflow prevention mechanism (80) may also
WhabR eRifigdrad to serve as the circulation control mechanism. Specifically,
such a configuration may be employed that as shown in, for example, Fig.
1. 28, mpbsandisphication pipedded)dodhe:sweiniyeepiie §XRaRsIsm in
chamber (62), the electric-operated valve (80) is disposed instead of the
whicherhighupresaiuefiniéskagimdést ih witk:tbensleatticaperategvaiie (¥er, a
shown in Fig. 4 omitted. In this configuration, it is possible to regulate the
comgpgeRitcsf prdirigicindifrengesHeooo mhuiditafiow pipe (7 @ktexia sxpansiaber
chamber (62) by opening the electric-operated valve, which also serves
and coETRETRERIRAVILD ATHSHIND/ FYDERRIANI BIP CEBO R as iopretibeeminatcaeyaaber,
of opening, thereby eliminating overexpansion. On the other hand, when

and afiraiatie ShEErhavisa Sito e pravennisatine asdhforve@tise

cut off, the refrigerant is stopped from supplying from the communication
4 ﬂovﬁriff)aete 2 ?O@ngxpansion chamber (62) and normal operation is

PeIa e, e he e R EIcAL T v o

expansion chamber e com
mecHBISCHITORRIRIE YRINE ASNE R yention, mehanism (801

closed, itl%s possible to @%e?g\?e %l]gig{c%%regg%gax\%ﬂfﬁﬁg 6 é %rfn?o the
comx@gﬂ@ﬁ%@h@mber (62). Accordingly, also in this embodiment, it is

possible to prevent the reduction in the power recovery efficiency due to

the dead volume.
2. The positive displacement expander according to claim 1, wherein the

backflow prevention mechanism also serves as a circulation control mechanism.

3. The positive displacement expander according to claim 1, wherein the
backflow prevention mechanism is disposed closer to the expansion chamber than the

circulation control mechanism in the communication path.

4. The positive displacement expander according to claim 3, wherein the

backflow prevention mechanism is comprised of a non-return valve,

5. The positive displacement expander according to any one of claims 1 to 4,
wherein the circulation control mechanism is comprised of an electric-operated valve

capable of adjusting the degree of opening.



Besides, in this configuration, since a single component can serve to
function both as the circulation control mechanism and the backflow
prevention mechanism, it is also possible to reduce the number of parts
for the expansion mechanism (60). IRKDUSTRIAL APPLICABILITY [0161]
As mentioned above, the present invention is useful in positive
displacement expanders equipped with the expansion mechanism, which
generates power when the high-pressure fluid expands, and fluid

6. MachipesiaRAURRRYIhERXRANILLS  REnYVHALS, RIS d8ihsA to 4,

positive displacement expander comprising an expansion mechanism in

whesiché bighipieasuradieidhizapander iR ARRRANSORCRANBSRnetically
generate power, a communication path which diverges from a fluid inflow

opensigiée isthe extpaosiablchdmberingnacemsymnicates with a
suction/expansion process position of the expansion chamber, and a
circulation control mechanism disposed in the communication path for
regulating a flow rate of the fluid, wherein the expansion mechanism is

7. proviedaitvg @aiﬂkﬂ@mpné\ﬁéﬁ@ﬁ@ﬁemmhaﬁlmtfomyemmﬁg:tmmﬂuldto 4,
from flowing from the expansion chamber into the communication path. 2.

whergije he s it akena caRtER: BgshARIEMade oreRmey e &l aifnal diffrsratintheressure

regu% ckflow pre e tion mechanls%also serves as a circulation control

XA *rﬂBeﬁBs‘Pf a@gfﬁéﬁ#‘éﬁﬁ%@wg@e&mw% eftig fluid

duri erll%rg}lin &Qs? back(1;e<)SwlPl vention mecllﬁnl sed close ﬁq{ftge i
pansion ct ﬁgxgﬁ’%ﬂf)e{hg 51P 3 Eﬁlf%ﬁll uid outtiow

side gcg}ggkgp ’ppeﬁéleén&% PQsitive displacement expander according to
ere

claim 3

8. The positive displacement expander according to any one of claims 1 to 7,
wherein the expansion mechanism carries out an expansion process of a vapor

compression type refrigeration cycle.

9. The positive displacement expander according to any one of claims 1 to 7,
wherein the expansion mechanism is configured to carry out an expansion process of a
vapor compression type refrigeration cycle in which the high pressure becomes

super-critical pressure.
10. The positive displacement expander according to claim 9, wherein the
expansion mechanism is configured to carry out an expansion process of a vapor

compression type refrigeration cycle using a CO, refrigerant.

11. The positive displacement expander according to any one of claims 1 to 10,



backflow prevention mechanism is comprised of a non-return valve. 5.
The positive displacement expander according to any one of claims 1 to 4,
wherein the circulation control mechanism is comprised of an
electric-operated valve capable of affusting the degree of opening. 59 6.
The positive displacement expander according to any one of claims 1 to 4,
wherein the circulation control mechanism is comprised of an
electromagnetically opening/closing valve capable of opening and
wheeansimg.e&plmcﬁpﬁiE&@aQiM@&e&%@h%@%‘ﬂs%%%?ﬁéd@&éﬁs?&}’n%‘&Orfﬁ m in
claims 1 to 4, wherein the circulation control mechariism’is compnse& or4
whidiffetaitiappressisracraguiatinavaie oyRigheRsRS Mg mdiferential
pressure between pressure of the fluid during an expansion process in
the expansion chamber and pressure on the fluid outflow side is greater
than a predetermined value. 8. The positive displacement expander
12. accatdigdoranhionty slckaiped With 4 pwhizreindispl omangion MRERRISRA o,
carries out an expansion process of a vapor compression type
and gocapupsaenT driendyTthe peostive disblacormntoadadenddoording i order
o Gy one of claims 1 to 7, wherein the expansion mechanism is configured
O SIS otiteart BihaifoPpristesslispleconisot cormprdssiotheypeotor, and the
refrigeration cycle in.which the high pressure becomes super-critical
com Ifeesgs)ﬁr%.nl%P %’édﬁgéﬁﬁé:?ﬁ%cement expander according to claim 9,

wheygi xpansion megchanism is configured to carry out an .
exsgﬁlgféﬁﬁggegg% %evglﬁgr]ra?él}ﬁﬁ?e%)§%ﬁ$%ésre9ﬂﬁ@% By cleeugipgtive
diSp@&Q&{%QW@ta%T%}gg R)oﬁg%eng gp(lz a(k;lemrgeinitoef(rt.)ander according to

any one of claims 1 to 10,



60 wherein the expansion mechanism is configured to be a rotary
expansion mechanism in which rotation power is recovered by means of
expansion of the fluid. 12. A fluid machinery equipped with a positive
displacement expander, a motor, angfia compressor driven by the positive
displacement expander and the motor in order to compress the fluid, the
positive displacement expander, the motor, and the compressor being
provided in a casing, wherein the positive displacement expander is
configured by the positive displacgipgpt expander according to any one of
claims 1 to 11. Abstract When an expansion mechanism (60) having an

WheaXparsiemh Soameihie2ans (%q}"ﬂﬁﬂﬁg’vﬂﬁ GKHMNCREMRRURR) is equipped
mechanism (80) to suppress the outflow of fluid from the expansion.

withchlnekfo (6 2y doeattnmushicasian $Bthd 3ppidss RRsIRIE Y re0peRII8ad the
volume in the expansion chamber (62) during operation with the

expagivioul athemben (@l ) rmieehemismu{#A T 763thlg82Y]. it is possible to reduce dead

volume in the expansion chamber (62) during operation with the circulation control

mechanism (73,75,76) closed.



